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July 1963 PHEOCHROMOCYTOMA 259
O R I G I N A L  A R T I C L E S
PHEOCHROMOCYTOMA: AN IMPORTANT TYPE OF 
“CURABLE” HYPERTENSION
A Report of 11 Cases and A Review of the Literature0
NORMAN C. DELARUE, B.A., M.D., M .S .fTor.), F.R.C.S.fC], F.A.C.S., F.C.C.P.f 
and DENNIS O’BRIEN, Toronto
T h e  d i a g n o s t i c  differentiation of the varied 
causes of clinical hypertension remains of 
paramount importance because of the 
potential curability of some lesions if they 
are recognized and treated before the 
hypertensive process becomes irreversible. 
That continued vigilance is necessary if this 
aim is to be accomplished is demonstrated 
in the series, reported below, of nine pa­
tients with pheochromocytoma from the 
surgical departments of the Toronto Gen­
eral Hospital. Seven such patients were 
treated during the period from January 
1960 to May 1962, whereas only two had 
been on the hospital files before January 
1960. During a study of Cushing’s syn­
drome in this same institution, Laidlaw et 
al.,1 in a comparative analysis of “curable” 
hypertension up to 1957, found only one 
patient with a pheochromocytoma com­
pared with 30 patients with Cushing’s 
syndrome, 25 with coarctation of the aorta 
and 21 with unilateral renal disease. A 
similar experience has been noted by 
others.2
In this communication, the clinical fea­
tures of the disease will be outlined and 
the diagnostic appraisal, surgical experience 
and postoperative course of patients under­
going surgical excision of pheochromocy- 
tomata in this centre will be reviewed. All 
of our patients became normotensive fol­
lowing removal of the primary pheochromo­
cytoma.
S c r e e n i n g  f o r  C u r a b l e  H y p e r t e n s i o n
Because of the importance of early recog­
nition of curable hypertension, the hyper­
* From the Department of Surgery, Toronto Gen­
eral Hospital.
fSuite 530, Medical Arts Building, 170 St. George 
St., Toronto 5.
^Ontario Cancer Treatment and Research Founda­
tion Fellow in Surgery.
tensive patient should be screened in order 
to make certain that he does not harbour a 
disease for which specific therapy is avail­
able, and by means of which a cure may 
be effected. This paper will not undertake 
a complete analysis of the investigations 
by which other lesions are identified but a 
brief summary of the procedures used in 
making such a differentiation is outlined in 
Table I. This is done in order to place the 
problem of pheochromocytoma in its proper 
perspective.
TA BLE I.—S c r e e n i n g  P r o c e d u r e s  U s e d  i n  t h e  D i a g n o s t ic  
A p p r a i s a l  o f  C l i n i c a l  H y p e r t e n s i o n
Test Evidence sought in  test
A. Unilateral renal disease
Urinalysis.....................................  Glomerular or tubular disease
Blood urea nitrogen.................  Glomerular or obstructive
lesion
Intravenous pyelogram...........  Radiological deformity
Differential sodium excretion.. Unilateral function deficit
Serum potassium........................ Potassium-losing nephritis
with the possibility of 
secondary hyperaldo­
steronism
Renal arteriogram...................... Unilateral vascular
abnormality
B. Adrenocortical disease
1. Cushing's syndrome 
Glucocorticoid and
ketosteroid-excretion levels 
Dexamethasone suppression (
test-response to ACTH j  Hyperplasia versus adrenal
stimulation............................... I tumour
2. Primary aldosteronism
I lf the patient has hypoka­lemia, attempt to rule out the following: diuretic therapy.Cushing’s syndrome, renal
disease with secondary hyper­
aldosteronism
If the presence of primary aldosteronism is still suspected, 
aldosterone levels should be determined and the diagnostic use 
of aldosterone antagonists (e.g. spironolactone and proges­
terone) should be considered.
C. Adrenal medullary disease ('pheochromocytoma) 
Provocative tests (histamine and cold-pressor tests). 
Sympatholytic response—Regitine and Dibenzyline.
Urinary excretion levels of catecholamines and their meta­
bolites. (Catecholamine and vanillylmandelic acid levels.)
Radiological localization, intravenous pyelography, retro­
peritoneal air studies and renal arteriograms.
B a s i c  P a t h o p h y s i o l o g y
Familiarity with the embryological de­
velopment of the adrenal gland is essential 
for an understanding of the close relation-
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TABLE II. T h e  C l in ic a l  F e a t u r e s  o f  P h e o c h r o m o c y t o m a : (A d r e n a l in e  a n d  N o r a d r e n a l in e - S e c r e t in g  T u m o u r s
C a r d ia c  a n d  M e t a b o l ic  E f f e c t s  o f  A d r e n a l in e
R e s p o n s e s  S im il a r  t o  P o r t io n s  o f  S t r e s s  R e a c t io n
Alarm phase (fight or flight response)Cardiac effects Peripheral vascular effects1. Increase in iate Redistribution of blood
2. Increase in contractile strength
3. Increase in output
But also:
4. Increase in irritability
ITendency to irregularities of rhythm
Directmetabolic effects 
Reactivates hepatic phosphorylase
\
Hepatic glycogenolysis
IIncrease blood sugar (Insulin-resistant “diabetes”)
(overall effect is one of vasodilation)
1
1. Vasodilation in skeletal muscles (delays fatigue)
2. Vasoconstriction in skin, mucosae and splanchnic viscera, including kidney
Other systemic effects 
Relaxation of smooth muscle’ bronchioles (usedin asthma)* stomach and intestines, uri­nary bladder. Sweating.
Thyroid stimulation (? TSH)
Resistance phase
iAnterior pituitarv?
I  \
I IIndirect metabolic effects
Adrenocortical stimulation(? ACTH)
\Increase in metabolic rate (Increased B.M.R.) (increased respiratory quotient)ICatabolic effect (e.g. protein)ILoss of weight, strength, energy *
Releases glucocorticoids
Gluconeogenesis (Diversion of amino acids to carbohydrate anabolism)
I Increases blood sugar (Insulin-resistant “diabetes” )
c/., effects of noradrenaline
Lacks metabolic effect.Potent peripheral vasoconstrictor.Primarily affects peripheral arterioles.Lacks cardiac stimulatory effects, therefore pro­duces hypertension alone, without tachycardia or pulse irregularity.
ship between the signs and symptoms aris­
ing from adrenal dysfunction and those 
produced by abnormalities in other areas of the neuroendoci me system. For example, 
the cortex develops from the celomic 
mesothelium in close association with the 
genital ridge and might therefore be 
expected to have biological functions sim­
ilar to those of genital tissue. The close 
biochemical and functional relationships 
between adrenal and gonadal steroids is a 
clear-cut indication of this basic embryo- 
logical observation.
On the other hand, the medulla develops 
from the same ectodermal tissue as the 
sympathetic nervous system and a close 
physiological and functional inter-relation­
ship between these two systems might be anticipated. The staining characteristics of chromaffinous lesions arising either in the 
sympathetic nervous system or the adrenal 
medulla support this close relationship.
C abdiovasculab and M etabolic
CoNSIDEBATIONS
Adrenaline and noradrenaline are pro­duced by the adrenal medullary cells but
chromaffinous tissue elsewhere seems able 
to produce only noradrenaline, the 
biological precursor of adrenaline. The 
process of methylation of noradrenaline 
apparently cannot be performed effectively 
in chromaffinous tissues other than the 
adrenal. This difference between adrenal 
medullary and other chromaffin tissues may 
be of value in helping to localize the lesion, 
because if any adrenaline is present the 
lesion must be in adrenal tissue.3
The biological effects of these two amines 
are dissimilar and this is thought to explain 
the variation in symptomatology encoun­
tered in clinical situations. On the biological 
plane, adrenaline exerts primarily a meta­
bolic function with additional direct cardiac 
stimulatory effects, whereas noradrenaline 
affects only the peripheral vascular system.4
The metabolic effects of adrenaline are similar to those mediated by adrenaline in the stress reaction (Table II). Important features of the “alarm phase” include 
hepatic glycogenolysis, tachycardia and sweating; in the “resistance phase”, an increased metabolic rate and gluconeo­
genesis are integral components of the
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TABLE III.—PHEOCHROMOCYTOMA (9 C a s e s )
Patient Year Age Sex Site
G.L................. ........Nov. 48 25 F RK.C................ ........Dec. 56 38 M LI.K................. ...........Ian. 60 22 F LA.C................ ........May 60 52 M RL.R................ 35 M RJ.S.................. 36 F RM.S................ ........ Nov. 61 57 F RE.F................. ........April 62 49 M ItL.M................ ........May 62 49 F R
Age range: 22 - 57 years. Average age: 40 years.Sex ratio: F/M  = 5/4.Site (all adrenal): R/L = 7/2.
TABLE IV.---PHEOCHROMOCYTOMA: Sy m p t o m a t
ology  in  9 C ases
Symptoms No. of cases
Headaches.................................................................. 9Palpitations...............................................................  8Throbbing headaches............................................... 7“Spells” ......................................................................  6Known hypertension (duration 6 mos. to 5 yrs.) . 6Heat intolerance.......................................................  5Increased sweating...................................................  4“Lightheadedness” ...................................................  4Nausea and vomiting............................................... 4Decreased visual acuity..........................................  4Nervousness and tremor.........................................  3Weakness and fatigue..............................................  3Tightness in chest....................................................  3
metabolic response to adrenaline. The com­
bination of these reactions results in the 
characteristic clinical picture of the pheo- 
chromocytoma syndrome. Both the glyco- 
genolysis and the gluconeogenesis produce 
an insulin-resistant type of “diabetes”.
The peripheral vascular effects of adrena­
line are not uniform in all organ systems, be­
cause these effects are responsible for the re­
distribution of blood, which is fundamental 
to the “fight-or-flight” aspects of the alarm 
phase. In the overall analysis, these varying 
components of the vascular response result in an effect which is primarily vasodilator 
in type.
Noradrenaline, on the other hand, has a 
primary vasotonic effect and peripheral 
vasoconstriction results in a marked in­
crease in peripheral resistance with an 
elevation of both systolic and diastolic 
blood pressure. If the noradrenaline secre­
tion of the tumour is excessive, hyperten­
sion and its effects will be the outstanding 
feature of the patient’s symptoms and the 
clinical signs.
The clinical features of the patients 
studied in our series are summarized in Tables III to VI and clearly demonstrate 
these various biological responses. A high 
“index of suspicion” is warranted on clinical 
grounds alone in the presence of the com­bination of sustained hypertension in the young patient with an elevated basal 
metabolic rate, or in the patient with hypertension (particularly if paroxysmal) 
and diabetes.
The neuroendocrine status of these nine patients in terms of pre-existing or co­
existing endocrine changes is presented in
TABLE V.—P h e o c h r o m o c y t o m a : D e s c r ip t io n  op 
“ S pells”  (6 o f  9 C a s e s )
Symptoms No. of cases
Palpitations................................................................ 6Throbbing headaches...............................................  6Sensation of warmth................................................  5Increased sweating...................................................  4Nausea and vomiting...............................................  3Tightness in chest....................................................  3Facial cyanosis.......................................................... 2
Duration of individual “spell”—10 min. to several hours.Length of history—2 months to 3 years.Precipitating causes: exercise......................... 3 casesheavy meal.................. 1 case
TABLE V I.- -P h e o c h r o m o c y t o m a : C l in ic a l  
F e a t u r e s  in  9 C a se s
Clinical signs No. of cases
Hypertension.............................................................  7Persistent tachycardia.............................................  3Grade 4 retinopathy................................................  2Florid complexion....................................................  2Marked peripheral vasoconstriction.....................  1Palpable mass............................................................ 1Spontaneous spells observed...................................  3Spells precipitated by histamine............................ 1Spells precipitated by abdominal palpation........ 1Evidence of diabetes................................................  5Correct localization withintravenous pyelography................................... 5
Table VII. Although pregnancy can scarcely 
be considered a pathological process, the 
frequency of thyroid disease and the occur­
rence of a parathyroid adenoma in this 
group of nine patients (see Table VII) suggests that neuroendocrine disorders may 
be more frequently encountered in patients 
with pheochromocytoma than in the normal 
population; such a relationship has been noted by other authors.5, 6 The increased 
frequency with which neurofibromatosis is 
associated with this disease7 and the recent 
emphasis on the familial incidence of pheo-
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TA BLE V II.— P h eo c h r o m o c y t o m a : E n d o c r in e  S t a t u s  
in  9  C a s e s
Preoperative Pre-existing or co-existing
P atient diagnosis endocrine status
G.L. Chronic
pyelonephritis Parathyroid adenoma— 6 yrs.
before admission
K. C. Pheochromocytoma None
I . K . “ Pregnancy (16 wks.) on
admission
A.C. “ None
L. R. “ Carcinoma of thyroid— 7 yrs.
before admission
J .  S. “ Hypertension discovered dur­
ing pregnancy
M. S. Non-functioning jjf
adrenal tumour Associated myxedema zj
E .F. Pheochromocytoma None ^
L.M. “ Thyroidectomy when 12 yrs. of m
age uj
chromocytomata5' 7-8 suggests in addition o 
the possible existence of a hereditary ten­
dency in these cases. No further informa­
tion on this point is available at present but 
a study of the chromosomal characteristics 
of the (pheochromocytoma) tumour cells, 
both in benign and malignant cases, is 
warranted to investigate the possible sig­
nificance of a genetic factor.
Investigation of the Suspected Case
1. Provocative Tests
If the patient has been screened for 
curable hypertension and pheochromocy­
toma is an increasingly probable cause of 
the symptom, specific investigation is justi­
fied. In the normotensive individual with 
a history of episodic hypertension, provoca­
tive tests have been used (Fig. 1) but, 
theoretically at any rate, carry with them 
an appreciable hazard. Certainly, drugs 
must be kept immediately available to con­
trol any untoward response; furthermore, 
vigorous massage of the adrenal areas in 
a clinical attempt at localization without 
having these sympatholytic drugs available 
is clearly contraindicated. The occasional 
false-negative or false-positive response in 
all of these drug response tests is another 
reason for caution in employing these pro­
vocative tests.
2. Sympatholytic Tests
The so-called “blocking” tests of sym­
patholytic type deserve mention because 
they are safer and more exact, although 
false interpretations are also possible. This 
happened in one patient in this series 
(A.C.) where a negative Regitine test ob-
T I M E  I N  M I N U T E S
Fig. 1.—Patient L.R., June 21, 1961. Histamine- 
phentolamine test.
scured the diagnosis and resulted in a delay 
of 18 months (November 1958-May 1960) 
between the original suspicion and the 
actual recognition of the lesion. The appre­
ciation of these tests requires an under­
standing of the function of the sympathetic 
nervous system of which the adrenal 
medulla is part.
As demonstrated in Table VIII, the func­
tion of the sympathetic nervous system de­
pends on nervous stimulation from central 
pathways through a ganglionic subdivision 
via adrenergic axones to a peripheral end- 
organ or effector cell. In the ganglion cell, 
the preganglionic “transmitter”, acetylcho­
line, “fits” a receptor on the outer mem­
brane of the cell to stimulate production of 
noradrenaline.4 In the sympathetic system, 
the noradrenaline (sympathin) “fits” a re­
ceptor on the target or effector cell and 
sets off a vasoconstrictor response. In the 
adrenal medulla, noradrenaline is released 
and, with appreciable methylation to ad­
renaline, both of these drugs are passed 
into the systemic circulation to affect dis­
tant target organs.
The action of noradrenaline can there­
fore be suppressed by “blocking” its effect 
on the effector cell, by direct chemical
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TA BLE V III.— F u n c t io n a l  P h y s io l o g y  o f  S y m p a t h e t i c  N e r v o u s  S y s t e m
Stimulation
Central cell
^  Electrical impulse------
plus
passage of transmitter 
—acetylcholine—peripher­
ally along preganglionic
Activation of ■ 
adrenergic axone
—^  Ganglion cell
I
Electrical impulse — 
plus
passage of transmitter 
—nor-adrenaline—peri­
pherally along post­
ganglionic axone ——
—^  Stimulation
1
Effector cell
Activated by fit 
of “transmitter” to 
“receptor” substance 
on cell membrane
Resultant compound 
which triggers 
ganglionic stimulation
Free form of 
noradrenaline in 
cell sap of 
adrenergic axone 
released on axonal 
stimulation from 
ganglionic cell
Activated by fit 
of transmitter to 
receptor substance on 
cell membrane
i
Resultant compound 
which stimulates 
functional activity of cell 
(e.g. vasoconstriction)
Fundam ental concepts in  noradrenaline storage 
Catecholamine stored in organs and nerves.
Noradrenaline partly stored in granular particles in the adrenergic axones (30% ); other 70%  in free form outside granules in cell sap. 
“ Free” form in equilibrium with stored form.
Nerve stimulation — Release of free form -  ■ >  Altered equilibrium------- ^  Release of stored form
I
(Prevented by transmitter— 
release blockers such as 
bretylium and guanethidine)
Induces resynthesis of 
transmitter until 
original equilibrium 
is re-established
(Prevents release of noradren­
aline from postganglionic 
nerve endings)
neutralization, or by paralyzing the re­
sponse of the effector cell. No drugs are 
known which interfere with all adrenergic 
functions and the use of such sympatholytic 
drugs is largely empirical. There is no 
fundamental chemical similarity between 
the various drugs utilized to block the 
pressor amines as is true in the case of the 
ganglionic blocking agents, which affect 
both parasympathetic and sympathetic 
functions. These blocking agents are par­
ticularly adaptable to the parasympathetic 
outflow where acetylcholine is the “trans­
mitter” in both preganglionic and post­
ganglionic axones. They act by competitive 
provision of a drug of sufficient chemical 
similarity to acetylcholine that the substi­
tuted drug causes preferential utilization of 
the cell receptor substance thus preventing 
the effective action of the axonal “trans­
mitter” substance. In the postganglionic 
sympathetic outflow, where noradrenaline 
is the “transmitter” substance, N, N- 
dibenzyl - beta - chloroethylamine ( Dibena- 
mine) and its phenoxyethyl congener, 
phenoxybenzamine (Dibenzyline), are be­
lieved to act in this way.10 The phentola- 
mine, Regitine, is said to “block” the
vasoconstricting action of circulating nor­
adrenaline in similar fashion. A newer 
drug, guanethidine,11 which does not neu­
tralize the effect of circulating noradrena­
line, appears to prevent the release of this 
“transmitter” substance from the postgang­
lionic axone. None of these drugs have any 
apparent effect on the cardiac or metabolic 
response to adrenaline itself.
The experience with sympatholytic tests 
in our series is summarized in Table IX 
and a typical response to one of these tests 
is shown in Fig. 2. As will be described 
presently, the temporary response to Regi­
tine and the more prolonged response 
to Dibenzyline have important practical 
aspects. The differences in effectiveness of 
these tests may be related to the complete­
ness with which the receptor substance is 
utilized by these agents. For example, if 
the receptor substance is completely taken 
up by the blocking agent an appreciable 
period of time must elapse before additional 
receptor substance is produced by cellular 
metabolism and before the normal trans­
mitter can effect the “fit” (with this newly 
metabolized receptor) needed to “trigger” 
the response of the effector cell.
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TABLE IX .—P h eochrom ocytom a : D iagn ostic  S t u d ie s  I (9 Ca s e s )
Provocative test Sympatholytic test
. H istamine test Regitine test—maximum blood, pressure fa ll
Patient (elapsed time in  minutes) (elapsed time in minutes)
Blood pressure in mm. Hg
C l . ................ — _ _
K .( ............... ........... 130/80 — >  220/120 (?) 220/120 __ ^  100/60 120/60 (1)I.K ................ 190/ 30 — 140/70 50/60 (1)
A.C............... 160/ 90 — >  110/70 50/20 (?)
L .R ................ ..........  150/90 — >  240/140 (1) 240/140 — >  140/? 100/? (2)
(2) 210/120 — >  140/70 70/50 (1)
M.S............... ....... ... _ _
E .F ................ ........  ... 180/130 — >  80/45 100/85 (1)
L.M ............... ..........  150/90 — > 1 9 0 /1 0 0 (1) 190/100 — >  130/70 60/30 (2)
Regitine test positive in 7 out of 7 cases.
(Systolic blood pressure fall in excess of 35 mm. Hg; diastolic blood pressure fall in excess of 
25 mm. Hg, occurring within 5 minutes).
Case A.C.: Regitine test negative before admission.
However, such tests are expensive and 
time-consuming. In view of the occasional 
false interpretations possible and, more 
particularly, because of the availability of 
practical and specific chemical assays of 
catecholamines and their metabolic by­
products in the urine, the blocking tests 
are now considered of academic rather than 
of practical value.
3. Estimation of Pressor Substances 
in the Urine
Initially, the urinary excretion of adren­
aline and noradrenaline was measured
Fig. 2.—Patient E.F., April 11, 1962. Phento- 
lamine test.
directly.12 However, because some pheo- 
chromocytomata were not associated with 
an increased amount of these catecholam­
ines in the 24-hour urine specimen and 
because only 2% to 3%  of administered 
adrenaline or noradrenaline can be recov­
ered as urinary catecholamine, the excre­
tion of the major metabolites of these sub­
stances by the kidney was studied.13
Vanillylmandelic acid (VMA), one of 
these major metabolites, is recovered 
from the urine in an amount which 
represents approximately 40% of the ad­
ministered catecholamine; by reasonable 
analogy it may be presumed that a similar 
proportion of the adrenaline secreted by 
the adrenal medulla can also be recovered 
in the form of this metabolite. Patients with 
pheochromocytomata who have normal 
catecholamine levels almost invariably 
demonstrate an increased VMA excretion. 
A few drugs must be excluded and some 
special dietary restrictions are necessary in 
preparing the patient for VMA estima­
tions, because certain drugs and foods may 
mask a positive test. Table X presents a 
summary of our experience in this series 
with these tests and demonstrates their 
practical value.
4. Localization o f Pheochromocytoma
It was mentioned previously that norad­
renaline is a precursor of adrenaline and 
the methylation necessary for its conversion 
is only possible in the adrenal medulla. 
Therefore, when the levels of both of these
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TABLE X.- -PHEOCHROMOCYTOMA:
D ia g n o s t ic  S t u d ie s  II: (9 C a s e s )
Normal values 
Catecholamines
(A) Adrenaline 8 -1 5  ^g./24 hrs.
(NA) Noradrenaline 21 -45  /xg./24 hrs. 
(VMA) Vanillylmandelie acid 0.7 - 7.0 Mg-/24 hrs.
Patient
Preoperative
estimation
Postoperative
estimation
G.L. — —
K.C. “ Elevated”
catecholamines —
I.K. A-66 - 84 A-3.5 - 12.4
NA-1367 - 2856 NA-19.0 - 57.0
A.C. A-1224 - 1299 A-3.4
NA-779 - 837 NA-41.4
L.R. VMA-17.5 - 22.0 VMA-5.8
J.S. VMA-13.8 - 19.2 VMA-4.6 - 5.5
M.S. VMA-15.8 —
E.F. VMA-94.5 - 142.5 —
L.M. VMA-12.4 - 25.4 VMA-4.3
Case G.L.—Before availability of these tests.
Case K.C.—Report from laboratory did not 
provide figures.
Case I.K.—Typical “ noradrenaline”  tumour 
with marked hypertension as presenting clinical 
picture.
Case A.C.—Typical “ adrenaline” tumour with 
insulin-resistant diabetes, flushed facies, etc., as 
presenting clinical syndrome.
catecholamines in the urine are estimated 
quantitatively, the presence of adrenaline in­
dicates that the lesion is primarily of adrenal 
origin. However, although this finding may 
localize the lesion to an adrenal gland, it 
does not indicate on which side the lesion 
is situated. Furthermore, although VMA 
estimation may “prove” that a pheochro- 
mocytoma is present, it has no lateralizing 
or localizing value either.
The methods available, preoperatively, to 
define the lesion anatomically with greater 
accuracy are largely radiological. If a uni­
lateral surgical approach is planned, these 
methods must be utilized to the full and 
will include retroperitoneal air or carbon 
dioxide insufflations, and arteriograms. 
However, if an operative exposure is 
planned that will permit the exploration of 
both adrenal areas and the usual sites of 
extra-adrenal chromaffinous lesions, such 
extensive preoperative investigation is prob­
ably not warranted. This is so because the 
extensive maneuvers may stimulate a 
dangerous hypertensive paroxysm, or false­
positive (or negative) interpretations may 
lead to an exposure which will not readily 
permit the extended exploration that might 
eventually prove necessary.
Fig. 3.—Intravenous pyelogram. Right-sided 
pheochromocytoma.
It has been our policy, therefore, to use 
only the relatively simple procedure, in­
travenous pyelography, which has given 
surprisingly valid information in this series 
(Fig. 3), although others have not found 
it as worth while. In the nine patients 
reported in this communication, an intra­
venous pyelogram was done in each in­
stance and the presence of a suprarenal 
mass was recognized and correctly local­
ized in five of the nine.
Although it is comforting to have some 
information about the possible location of 
the offending tumour, we have not per­
mitted this to affect the exposure utilized 
because multiple lesions have been re­
ported. These include involvement of the 
opposite adrenal gland and extra-adrenal 
foci along the aorta, particularly near its 
bifurcation. For these reasons, a complete 
exploration is considered necessary in every 
case and this can only be accomplished 
through the abdomen. Entirely apart from 
the need for excluding a lesion in the 
opposite adrenal gland, one must ensure 
that the patient has functioning adreno­
cortical tissue remaining after excision of 
the involved gland in order to avoid Addi­
sonian crises postoperatively. The abdomi­
nal exploration may be performed equally 
well through a mid-line upper abdomi­
nal incision carried downwards to the right 
of the umbilicus or by means of a trans­
verse upper abdominal incision.
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O pera tiv e  M a n a g em en t
The problems of surgical technique need 
not be reviewed because operative ap­
proaches to the adrenal glands are well 
understood. Only the discovery of an in­
accessible or very large tumour, in which 
attempts at exposure would be associated 
with the added risks of undue manipulative 
stress, warrants a thoracoabdominal exten­
sion of the incision. However, one should 
not hesitate to increase the ease of ex­
posure by this maneuver if the more limited 
approach appears hazardous. Such an ex­
tension of the exposure was considered 
necessary in three of nine operations in our 
series.
Dissection must be gentle; an attempt is 
made to separate tissues away from the 
tumour rather than to dissect the tumour 
from the surrounding tissues, since the lat­
ter of necessity involves handling and com­
pression of the lesion. On theoretical 
grounds one should attempt early isolation 
and division of the venous drainage but 
for practical purposes the local venous 
circulation is so profuse in these cases that 
almost total separation of the adrenal 
gland is necessary before release of nor­
adrenaline is prevented. Early division of 
the main adrenal veins is not only fre­
quently technically difficult (and therefore 
hazardous) but rarely, if ever, does it 
appreciably alter the response to the hand­
ling of the tumour.
Primarily, therefore, operative safety de­
pends on the provision of protection trom 
hypertensive paroxysms. The support of 
adequate circulation after the removal of 
the source of the excessive noradrenaline 
stimulation of the peripheral resistance 
must be emphasized also. After this exces­
sive stimulation is withdrawn, the peri­
pheral vascular bed (having lacked normal 
tonal responses for some time) may become 
so capacious that a normal blood volume 
is completely inadequate to fill it; prolonged 
hypotension results, unless the volume of 
the bed is maintained within normal limits 
by exogenous stimulation. The depression 
of functional activity of the opposite 
adrenal medulla may play an important 
role in this reaction.
S pecia l  M easures D uring  O peration
Recognition of the earliest evidences of 
release of noradrenaline caused by manipu­
lation is important for several reasons. In 
the first place, prevention of excessive crises 
of hypertension is mandatory in order to 
protect the patient from the hazard of very 
high systolic pressures. The titration with 
“blocking” agents should begin before the 
paroxysm reaches peak-levels in order to 
restore cardiovascular dynamics to normal. 
Secondly, the excessive cardiac stimulation 
with the possibility of subsequent cardiac 
irregularities is minimized by the same pro­
cedures.
In the operative control of these prob­
lems, continuous monitoring of both blood 
pressure and cardiac action have been em­
ployed. It is our impression that the former 
is more effective and completely adequate 
because it provides the earliest evidence of 
an increasing pulse rate before the blood 
pressure begins to increase; both of these 
responses occur before any cardiac 
arrhythmia might develop that would be 
recognized only in continuous electrocar­
diographic tracings. Consequently, we have 
come to believe that blood pressure moni­
toring by means of an intra-arterial needle 
in the femoral artery serves these purposes 
best. Recognition of a developing hyperten­
sive crisis before it is full-blown makes it 
much easier to titrate effectively the 
“blocking” agents required to counter the 
excessive noradrenaline release.
Because it is reported that 10% of these 
tumours may be multiple or bilateral14 and 
because some are quite small, it may be 
difficult to recognize them even with an 
adequate exposure. Some surgeons have 
chosen to use the response of blood pres­
sure to manipulation in suspected areas as 
an indication of the location of the smaller 
lesions. Admittedly, this response is some­
times of great assistance but none the 
less it represents a two-edged sword. This 
is so because on occasion the hypertensive 
reaction so produced may not only be ex­
cessive (and therefore hazardous) but may 
also be difficult to control effectively and 
rapidly. A deliberate, careful, meticulous 
and gentle exploration of both adrenal 
areas in every case with a subsequent
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Fig 4.—Patient L.M., May 29, 1962. Operative pig. 5 ._patient M.S., November 13, 1962. 
record. Operative record.
assessment of the lower para-aortic region, 
if no adrenal lesion is discovered, is con­
sidered preferable.
None the less, titration using Regitine as 
a sympatholytic agent—if it is available 
immediately the onset of a hypertensive 
response is recognized— proves effective in 
most instances. Initially, at any rate, we 
prefer to employ drugs of this type which 
have an effect of short duration rather than 
to resort to a longer-acting drug such as 
Dibenzyline immediately. This permits 
recognition of blood pressure change and 
its safe control, with the added advantage 
of aid in anatomical localization if neces­
sary. However, in those patients in whom 
titration with short-acting drugs is difficult 
or ineffective, Dibenzyline is used without 
hesitation and provides a relative flattening 
of the hypertensive peaks and a much 
smoother operative course (compare Fig. 
4 with Fig. 5).
During the surgical procedure, all of the 
patients in whom Regitine titration was 
used demonstrated marked blood pressure 
swings with manipulation and subsequent 
noradrenaline “neutralization”. One must 
admit that the smoother blood pressure 
recordings obtained with the longer-acting 
agent seemed to indicate clearly a situa­
tion of much greater safety for the patient.
Dibenzyline has also been used in the 
preoperative preparation of the more 
critically ill patients in a similar attempt 
to diminish the frequency and severity of 
the hypertensive crises.1517 The reported
Fig. 6.—Patient E.F., 3 p.m. April 13, 1962. 
Operative record.
success with such a program led us to use 
this drug in the most acutely ill patient in 
this series. As others have noted, the sub­
sequent operative course was peculiarly 
smooth (Fig. 6) and we believe such a 
technique warrants careful consideration in 
hypertensive patients who are for specific 
reasons considered major operative risks. 
The postoperative record of this particular 
patient is reviewed in some detail later in 
this communication because, despite an 
uneventful surgical procedure, he subse­
quently succumbed to complications re­
lated to his original disease.
P osto pe r ativ e  M a n a g e m e n t
Regardless of the means of titration used 
during the resection of the tumour, eight
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TABLE XI. P h e o c h r o m o c y t o m a : C a r d i o v a s c u l a r  S t u d i e s  I: D u r i n g  O p e r a t i v f a n d  P o s t o p e r a t i v e P e r i o d  (9  C a s e s ) 'K
P a t ie n t
P r e o p e r a t iv e  
b lo o d  p r e s s  ire  
( m m .  H g )
I n i t i a l  
b lo o d  
p r e s s u r e  
r e c o r d in g  a t  
o p e r a t io n
S y m p a t h o ly t i c  
a g e n t  u s e d
M a x i m u m  
s y s to l ic  
b lo o d  
p r e s s u r e  
w ith  o p e ra tiv e  
m a n i p u l a t i o n
S y s to l ic  
b lo o d  
p r e s s u r e  
f o l l o w in g  
re m o v a l  
o f  t  u m o u r
V a s o p r e s s o r s  
f o l l o w i n g  r e m o v a l  
o f  t u m o u r
N e e d  fo r  
v a so p re s so rs  
p o s to p e r a t iv e ly
/
A
G.L. 145-210/100-140 170/110 None 195/115 50/25 Noradrenaline and ephedrine None wK.C. 170-240/110-130 170/115 Regitine 250 100 Noradrenaline Noradrenaline
I.K. 200-260/120-140 180 220 80 (Zdays)Noradrenaline and Aramine (1 day) metaraminol 
bitartrate (Aramine)
i
A.C.
L.R.
180-190/ 90-120 160 280 70 Noradrenaline and 
Aramine Aramine (6 days) t110-230/ 70 120 260 Regitine (used 
also
preoperativ ely)
300 90 Aramine Aramine (1 day) T
J.S. 160-200/ 90-100 180 240 140 NoneM.S. 180-190/ 90 95 180/90 “ 300 80/60 Noradrenaline *E.F. 120-230/ 85-130 150 Regitine 
(Dibenzyline 
required preoperati velv
180 90 Noradrenaline Noradrenaline (patient died) 4
L.M. 120-200/ 70-100 240 Regitine and 
Dibenzyline
240 80 Neosynephrine None *
of nine patients experienced a precipitous 
fall in blood pressure when the stimulus of 
continuous peripheral vasoconstriction was 
withdrawn. In order to minimize the com­
plications of peripheral hypoxia, exogenous 
stimulation with vasopressors proved neces­
sary for varying lengths of time. The 
vasoconstricting agents had to be continued 
into the postoperative recovery period in 
five of the nine for as long as from one to 
six days. In all probability, in those who 
required lengthy periods of support, the 
blood volume itself was insufficient and 
the hypovolemia had not been corrected 
during the preoperative investigation or 
during the operation. This situation recalls 
our early experience with total adrenal­
ectomy for metastatic mammary carcinoma 
in which the “chronic shock”, related to the 
depleted blood volume often associated 
with widespread malignant disease, was 
not appreciated and consequently not 
treated adequately. In those cases, similar 
lengthy periods of hypotension required 
vasopressor support, often for several days 
during the immediate postoperative course.
An attempt was made to avoid the 
use of noradrenaline itself in these cases 
because homeostatic readjustment is more 
rapid in the normovolemic patient if this 
agent is not utilized. We prefer metara- 
minol (Aramine), phenylephrine (Neosyn- 
ephrine) and occasionally methoxamine 
(Vasoxyl) with intravenous hydrocortisone 
in certain situations. Typical dosages are 
as follows: (i) Noradrenaline bitartrate 4 
c.c. (1:1000 solution) in 1000 c.c. for intra­
venous administration; (ii) metaraminol 
bitartrate 100 to 300 mg. in 1000 c.c. 
for intravenous administration, and (iii) 
phenylephrine 0.2 mg. intravenously. It is 
imperative that the systolic blood pressure 
be maintained above 100 mm. Hg in order 
to maintain adequate circulation to vital 
organs (Table XI).
TABLE XII.—Pheochromocytoma: Morbidity 
and Mortality D ata (9 Cases)
Complications
Morbidity
Staphylococcal wound infection......................... 2
Postoperative atelectasis (minor).......................  3
Case occurring in pregnancy aborted one month 
postoperatively.
Mortality
1 case—persistent postoperative hypotension not 
responsive to vasopressors. Responded to dextran 
but patient died on second postoperative day as 
result of cerebral edema complicating cerebro­
vascular hypoxia.
The morbidity and mortality in this series 
are summarized in Table XII and require 
no comment, apart from the single post­
operative death.
Case R eport
This patient was known for several years to 
harbour a pheochromocytoma and surgical 
treatment had been advised at an earlier date 
but was deferred for valid personal reasons. 
However, emergency hospital admission be­
came necessary when hypertensive crises re­
curred and became associated with continuing 
unremitting peripheral vasoconstriction. The 
paroxysms of hypertension occurred with 
minimal stimuli and the peripheral circulation
y
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remained at a critical level, associated with 
a cadaveric hue of the limbs, trunk, head and 
neck. As noted previously, Dibenzyline was 
necessary preoperatively* to control the hyper­
tensive state which responded very well but 
this had no noticeable elfect on the peripheral 
vascular collapse. Clinical judgment dictated 
an early operation in this critical situation and 
the operation itself was entirely uneventful. 
Following operation, the patient regained con­
sciousness but peripheral cyanosis persisted and 
vasomotor support was necessary. On the 
assumption that the patient must be hypo­
volemic, his blood volume was increased with 
dextran and blood transfusions.
With the eventual return to a normal blood 
volume the compensatory vasospasm relaxed 
and limbs and trunk became pink and warm. 
However, coincident with this change the 
patient suffered a grand mal seizure and be­
came unconscious. His response to the trans­
fusion of hypertonic solutions was incomplete 
and death followed. At the postmortem exam­
ination there was marked cerebral edema and 
cerebellar coning; the fatal outcome was con­
sidered to be due to this complication.
In retrospect the patient was considered to 
have been hypovolemic preoperatively; the 
reflex response associated with the shock cycle 
complicated the effect of noradrenaline release 
from the tumour. Subsequent re-establishment 
of a normal blood volume permitted these 
reflexes to subside and, in the absence of ex­
cessive noradrenaline, the dilated arterioles 
poured blood into anoxic capillaries, whose 
increased permeability resulted in the develop­
ment of the fatal cerebral edema.
If one is to prevent an identical catas­
trophe during the management of similar 
patients in the future, many problems must 
be solved. Of course, every attempt should 
be made to recognize the hypovolemic state 
and to correct it before operation. Protec­
tion of the anoxic capillaries by massive 
steroid therapy and the provision of ade­
quate oxygenation are essential. Only when 
the situation has been stabilized with 
Dibenzyline or a similar longer-acting 
“blocking” agent, and the peripheral circu­
lation restored to a normal level should 
definitive surgical treatment be attempted.
“Preoperative Dibenzyline administration based on 
the average dosage of 10 mg. Dibenzyline intra­
muscularly for a blood pressure rise above 170 
mm. Hg systolic or 100 mm. Hg diastolic pressure.
T h e o r e t ic a l  Co n sid era tio n s in  t h e
P a th o g en esis  of H y p o v o l e m ia  in
P h eo c h ro m o c y to m a ta
In planning intelligent therapy for pa­
tients in whom hypotension is a problem 
either preoperatively or postoperatively, 
blood volume changes that may follow 
catecholamine release from the pheochro­
mocytomata need careful evaluation. Nor­
adrenaline itself given in prolonged infusion 
has been known to produce vasoconstric­
tion and eventual shock due to oligemia ; 18 
whether this is due to loss of fluid through 
anoxic capillaries or to more specific effects 
on the liver or central nervous system 
vital centres is not always apparent. It  is 
doubtful if the intermittent release of nor­
adrenaline in the usual type of pheochromo- 
cytoma will ever produce this effect.
None the less the patient with pheo­
chromocytomata may present with hypo­
tension, rather than hypertension.18’ 20  It is 
apparent that infusions of adrenaline may 
also produce hypotension21 related in a 
variable fashion to its overall vasodilator 
effect4 and to the development of hypo­
volemia .22 The manner in which this hypo­
volemia is produced has remained some­
what of a mystery to clinicians, although 
reasonable explanations have been offered 
in some cases in which this factor has been 
carefully evaluated.
It is now clear that there is an important 
biological inter-relationship between the 
function of the adrenal cortex and that of 
the adrenal medulla. In the first place, 
adrenaline in some cases is capable of 
reducing the response of the normal adrenal 
cortex to ACTH stimulation.23 In the second 
place, several patients have been reported 
in whom the pheochromocytoma itself con­
tained cortisol with resultant depression of 
normal adrenocortical activity .20 ’ 24 Such 
patients may show diminished adreno­
cortical function preoperatively; as in any 
“Addisonian” patient, they might be ex­
pected to demonstrate the usual hypoten­
sive reaction postoperatively as a result of 
the hypovolemic “chronic shock” state, 
which characterizes these patients and 
appears related primarily to sodium deple­
tion.
In addition, adrenocortical steroids are
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said to sensitize tissues to the action of 
circulating noradrenaline,23' 26 possibly be­
cause the increased concentration of sodium 
in the arteriolar wall makes effective vaso­
constriction possible.27 In many instances 
it has been reported that postoperatively 
the patient was resistant to the action of 
noradrenaline alone and required tremen­
dous doses during the attempt to maintain 
adequate circulation. It is quite probable 
that some factor such as those described 
above provides the basis for these pheno­
mena.
Adrenaline has a profound effect on 
cardiac action and irritability, and in excess 
will produce ventricular arrhythmias vary­
ing from tachycardia to fibrillation. Because 
of poor cardiac output the inefficient con­
traction associated with arrhythmia may 
cancel out the hypertensive effect of any 
concomitant release of noradrenaline. The 
poor output may eventually produce shock 
and/or myocardial failure.28
A shock syndrome, particularly if it 
occurs in the postoperative period, must 
not be assumed to be due necessarily to 
sudden catecholamine deficiency. In the 
preoperative assessment, although vanil- 
lylmandelic acid (VMA) estimations 
verify the diagnosis, the patient who pre­
sents with hypotension should have a 
specific evaluation of urinary adrenaline 
and noradrenaline excretion. If adrenaline 
excess or predominance is demonstrated, 
the possibility of ventricular arrhythmias 
or adrenocortical insufficiency must be con­
sidered and specific correction attempted. 
In those cases in which the pheochromocy- 
toma itself secretes adrenocortical steroids, 
an attempt should be made to assess the 
function of the normal adrenal cortex. It is 
equally apparent in these patients that 
electrocardiographic monitoring is indicated 
not only during the operation but in any 
instance of postoperative collapse, because 
catecholamine administration might well 
aggravate the condition if ventricular 
tachycardia is present. In the management 
of postoperative collapse of this type, 
Regitine is the most effective therapeutic 
agent.
In the patient, who is refractory to 
measures designed to establish cardiovas­
cular homeostasis in the postoperative 
period, adrenocortical therapy and salt 
replacement (if necessary) should be 
started promptly, without waiting for a 
report of electrolyte studies because the 
hypovolemia may mask serious sodium 
deficiency. Blood volume replacement is an 
integral part of treatment and, wherever 
available, blood volume studies should be 
used in planning this therapy. It is im­
portant to realize that a volume sufficient 
to fill the intravascular space during a state 
of prolonged vasoconstriction becomes 
totally inadequate once relaxation occurs. 
Effective circulation will not be established 
until the relative volumes of the intra­
vascular fluid and the intravascular space 
approach their correct relationship. In those 
patients particularly, in whom because of 
a deficiency of adrenocortical steroids the 
arterioles are unresponsive to noradrenaline 
and in whom an appreciable sodium loss 
has taken place, the replacement must be 
prompt to be effective.
The best and simplest method of pre­
venting these postoperative catastrophes 
and of minimizing in less critical cases the 
need for postoperative vasopressor support 
is preoperative assessment of the blood 
volume when this is possible.29,30 If hypo­
volemia is demonstrated, its correction be­
fore excision of the pheochromocytoma is 
mandatory.
Pathological F indings
The resected tumours varied greatly in 
size and weight (Table X III). Histologi­
cally, seven were considered to be benign 
and two malignant. Four of the benign 
tumours and both malignant ones were 
cystic. Cystic change is characteristic of 
pheochromocytomas in general.
It is said that 10% of pheochromocytomas 
are malignant,14 but pathologically all 
endocrine tumours are somewhat pleo­
morphic and their malignancy is difficult 
to assess. In the benign lesions, regular 
patterns are maintained and the cells have 
fairly predictable staining characteristics, 
size and shape. In the malignant lesions, 
the cells show irregularity of pattern and 
cellular characteristics, many assuming fusi­
form outlines.
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TABLE XIII.— P h e o c h r o m o c y to m a : 
P a t h o l o g ic a l  D a t a  (9  C ases)
Size of tumour....................  2 - 1 4  cm. in diameterWeight of tumour..............  22 - 530 g.Histology....................  7 benign (4 of these cystic)2 malignant (both cystic)
Malignant tumours—2 cases
1 case: classified as malignant on basis of invasion of capsule. Cells appeared only slightly atypical. November 1962, alive and well. No evidence of recurrence or metastasis.
1 case: classified as malignant on basis of cellular atypism. No invasion of capsule noted. This patient was subsequently readmitted with distant nodal metastases and evidence of extradural metastases. Died of disease approximately one year after operation.
In our series, one case was considered to 
be malignant on the basis of capsular in­
vasion, although the cells appeared only 
slightly atypical. The other case was termed 
malignant on the basis of cellular atypism, 
although no invasion of the capsule was noted. These two pathologically malignant 
tumours are of some interest because they 
illustrate once again that clinical malig­
nancy is an expression of a biological 
equation in which host resistance and the 
malignant potential of the tumour are often 
nicely balanced. The case in which the 
finding of capsular invasion determined the 
pathological interpretation of malignancy 
demonstrated a biological interaction 
favourable to the host because following 
excision of the tumour the patient has 
remained well for 14 years. On the other 
hand, the patient in whom the lesion 
demonstrated cellular atypism of a degree 
sufficient to warrant the diagnosis of 
malignancy, had an autonomous tumour 
which was unresponsive to host control; 
death resulted from distant metastases 
within one year of operation.
There has been no suggestion that pre- 
cancerous lesions exist in the endocrine 
system and probably such tumours as the 
pheochromocytoma arise de novo in benign 
or malignant variants. It is equally true 
that there is no evidence that maturation 
of the malignant lesions does not occur as it does in other tumours. Increasing biologi­
cal virulence will become apparent on this 
basis with the passage of time. Therefore, 
entirely apart from any potential catas-
TABLE XIV.—P h e o c h r o m o c y t o m a : 
C a r d io v a sc u l a r  St u d ie s  II : R e s p o n se  to  
R e m o v a l  of T u m o u r  (9 C a s e s )
Preoperative Postoperative blood 
Patient blood pressure pressure (mm. Hg)
G.L........... 145-210/100-140 130-140/100-110K. C..........  170-240/110-130 120-140/ 80- 90I. K...........  200-260/120-140 100-110/ 65- 70A.C........... 180-190/ 90-120 140-160/ 80-100L. R.......  110-230/ 70-120 110-120/ 60- 70J. S.........  160-200/ 90-100 110-120/ 60- 70M. S.......  180-190/ 90- 95 120-150/ 70- 90E.F........... 120-230/ 85-130 DiedL.M.......... 120-200/ 70-100 110-130/ 60- 90
trophe that might result from continuing 
hypertensive paroxysms, surgical treatment 
should be recommended at the earliest 
possible moment because of the proportion 
of cases that might be malignant, and the 
need for early removal before viable 
metastatic deposits become established.
F o llo w -U p  Studies
Except for the patient who died in the 
immediate postoperative period, the eight 
patients did well in terms of initial cardio­
vascular response (Table XIV). This in­
cludes the patient who died approximately 
one year postoperatively from metastases 
affecting the central nervous system, a com­
plication which indicated the malignancy 
of the primary lesion. However, during that 
last year, in association with the develop­
ment of these metastases, he had a terminal 
recurrence of hypertensive paroxysms.
In the remaining seven patients, all but 
one continued at normotensive levels with 
blood pressure recordings below a diastolic 
level of 100 mm. Hg. The single patient 
who continued to show persistent diastolic 
hypertension (100-110 mm. Hg) had a coin­
cident diagnosis of chronic pyelonephritis. 
His hypertension may be related primarily 
to renal disease rather than to the persisting 
effect of the pheochromocytoma. Despite 
his associated disease the patient has re­
mained free of clinical complaints for a 
period of 14 years after removal of the 
tumour.
The overall prognosis in these patients 
is excellent and, for practical purposes, 
those with benign disease were “cured”
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of their hypertension by the excision of the 
tumour.
Additional Illustrative C ases
The clinical emphasis suggested in this 
paper is perhaps best depicted in a com­
parative analysis of two additional cases 
investigated at the Toronto General Hos­
pital during this same period. The first 
demonstrates the fallacies of reliance on 
potentially misleading tests and the second 
the clear-cut diagnosis on appropriate urin­
ary estimations of catecholamine metabol­
ites following a high index of suspicion on 
the part of the neurology service.
The following history of this patient 
(Case 10) was recorded in the files of the 
Toronto General Hospital during the period 
covered by this report but was not included 
because the diagnosis was made at post­
mortem examination only.
Case 10.— R.B., a 52-year-old man, died in 
Toronto General Hospital on November 19, 
1960. Hypertension had been recognized in 
1940 and he was hospitalized for myocardial 
infarction in 1956 and in 1959. On the latter 
admission he was found to be diabetic but 
intravenous pyelography was negative. Again 
in April 1960 the diagnosis of diabetes was 
confirmed. At that time a Regitine test was 
negative and pheochromocytoma was not con­
sidered to be the cause of his hypertension.
He was admitted to hospital in June 1960 
for aortography to demonstrate a pheochromo­
cytoma. No abnormality was recognized. In 
August 1960 differential sodium excretion 
studies were normal but retrograde pyelo­
graphy revealed a blunting of the superior 
calyces on the left. The diagnosis of pye­
lonephritis was considered at this time.
His final admission was made necessary by 
the symptoms and signs of thrombotic occlusion 
of the left common iliac artery and the right 
external iliac artery. Grafting was not feasible 
at the time of laparotomy and a bilateral 
lumbar sympathectomy was performed instead. 
No mention was made of any left suprarenal 
mass. Sweating had been a feature preoper- 
atively. He had Grade I hypertensive retino­
pathy, although his blood pressure was normal 
at this time (120-135/85-90 mm. Hg). No 
hypertensive crises were recorded.
Nevertheless, the systolic blood pressure 
hovered around 200 mm. Hg during the sur­
gical procedure and reached a peak of 260
mm. Hg at one point. The blood pressure 
remained elevated at 200/140 mm. Hg on his 
return to the ward. During the week before 
his death on the eighth postoperative day, 
profuse sweating was a constant complaint and 
his blood pressure ranged between 140-280/ 
80-160 mm. Hg. He also had a persistent tachy­
cardia of 100-140 per minute during the final 
48 hours of his life.
On postmortem examination, a left adrenal 
pheochromocytoma was found which weighed 
70 g. Capsular invasion was present which 
indicated potential malignancy. No metastases 
were demonstrated.
At no time during this lengthy investigation 
were estimations of catecholamine or VMA 
excretions done. The tell-tale evidence of 
hypertension, diabetes and left superior caly­
ceal deformity on retrograde pyelography 
was ignored because of a negative Regitine 
test, negative intravenous pyelography and 
negative renal arteriography. Even the marked 
hypertension with paroxysmal crises during the 
operative and postoperative periods, the per­
sistent sweating and tachycardia failed to 
arouse suspicion. The diagnosis only became 
apparent at postmortem examination.
An eleventh case of pheochromocytoma 
was added to the series after this communi­
cation was submitted for publication, the 
history and findings of which are sum­
marized below.
Case 11.— D.V., a 69-year-old woman, was 
admitted to the Neurology Service of the 
Toronto General Hospital on November 20, 
1962. She had suffered from dull, pounding 
headaches localized to the top of the head 
almost daily for the past two years. These 
headaches usually began on arising and sub­
sided by early afternoon. The patient had 
noted that the pounding in her head was 
synchronous with her heartbeat. Nausea and 
vomiting frequently accompanied the head­
aches, which were sometimes precipitated by 
exertion such as climbing stairs or by emotional 
stress. Functional enquiry revealed a weight 
loss of 35 lb. in the previous two years. In­
creased thirst and periodic sweating, which 
usually occurred at night, were also among 
the presenting complaints. In 1959, when the 
patient was examined during one of these 
episodes, the systolic blood pressure was 225 
mm. Hg. The complaints of nervousness and 
increased sweating had led to investigation for 
hyperthyroidism. The protein-bound iodine
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level was 5.6 /j.g. % and the radioactive iodine 
uptake was 32%.
On physical examination the patient was 
pale and appeared to be chronically ill. Her 
weight was 98 lb. and blood pressure was 
120/70 mm. Hg with a pulse rate of 80 per 
minute. There were no other significant physi­
cal findings. Initial investigation of the head­
aches revealed no significant abnormalities in 
the radiographs of the skull and cervical spine, 
in cerebrospinal fluid examination, in electro­
encephalogram, pneumoencephalogram, and 
radioiodinated serum albumin (RISA) scan.
Several days after admission, a blood pres­
sure of 240/125 mm. Hg was noted during 
an episodic headache. Routine fasting blood 
sugar ranged from 118 to 171 mg. %, in­
dicating diabetes. These findings led to a 
consideration of pheochromocytoma.
Blood pressure recordings taken four times 
daily revealed a characteristic paroxysmal 
hypertension with the onset of the patient’s 
headaches. No hypertensive response was 
noted on palpation of the adrenal areas. How­
ever, a marked elevation of blood pressure was 
observed on several occasions when the patient 
turned on to her right side with her hips 
flexed. The Regitine test was positive with a 
fall in blood pressure of 70/30 mm. Hg 
occurring within one minute. Vanillylmandelic 
acid levels of 15.6 and 15.7 mg. per 24 hours 
confirmed the presence of a pheochromo­
cytoma.
During the course of these investigations 
the patient developed hepatomegaly. Liver 
function tests revealed evidence of active liver 
disease. Phenothiazine had been administered 
to control her anxiety and it seemed likely that 
phenothiazine toxicity was the etiological 
factor in this sudden change. Liver function 
tests returned to normal approximately one 
week after discontinuing the drug.
An intravenous pyelogram and tomograms 
of the suprarenal areas did not demonstrate a 
mass in the adrenal region. Blood volume 
studies showed that this patient was not hypo­
volemic. The total blood volume was 74.5 
c.c,/kg. (normal 67 c.c., plus or minus 5 ) ,  the 
red cell volume was 31.2 c.c./kg. (normal 24 
c.c. plus or minus 5 ) , and the plasma volume 
was 43.3 c.c./kg. (normal 43 c.c., plus or 
minus 5 ) . The hemoglobin was 15.4 g. and the 
hematocrit 42%.
Laparotomy was performed on January 7, 
1963, through a transverse upper abdominal 
incision. During the 12 hours before operation 
she was given two 10 mg. doses of Dibenzyline 
by intramuscular injection to control paroxysms 
of hypertension. Fluctuations of blood pressure
owing to manipulation of the tumour during 
operation were controlled with two 6 mg. doses 
of Regitine intravenously. The maximum blood 
pressure recorded during the procedure was 
250 mm. Hg.
A crisis of systolic hypertension during 
initial exploration verified the location of the 
tumour in the left adrenal area, although it 
was readily palpable. The development of 
hypertension when lying on the right side 
with the hips flexed made clinical localization 
difficult. Originally this observation had been 
thought to indicate a right-sided tumour, but 
presumably in this position the left adrenal was 
compressed by the lateral flexion of the spine 
owing to the sagging mattress and spring.
Postoperatively, the patient required intra­
venous noradrenaline support (4 c.c. of 1 :1000  
solution per 500 c.c. intravenous fluid) for 
approximately 36 hours. Pathological examina­
tion revealed no evidence of malignant change. 
The lesion measured 6 cm. x 4 cm. in its major 
diameters.
At the time of discharge the patient was 
asymptomatic and normotensive (120-140/60- 
70 mm. H g), and the fasting blood sugar was 
82 mg. %. A single postoperative VMA de­
termination was 6.5 mg.
Su m m a r y  and  C o n c lu sio n s
Experience with nine patients who have 
undergone surgical removal of a pheo­
chromocytoma is reported.
The clinical features depend on the 
relative production by the tumour of 
adrenaline or noradrenaline.
The potentially hazardous and mislead­
ing provocative and sympatholytic tests are 
no longer necessary in the diagnostic ap­
praisal of these patients. Localizing radio­
logical examinations are also unnecessary 
for the same reasons, although intravenous 
pyelography has been found to be simple, 
safe and frequently rewarding. The estima­
tions now available of catecholamine meta­
bolites (VMA) in the urine establish the 
diagnosis. Total abdominal exploration, 
necessary because of the potential multi­
plicity of these lesions, makes further 
attempts at preoperative lateralization un­
necessary.
Operative manipulation is a critical part 
of the operative procedure and requires 
close co-operation between the surgeon and 
the anesthetist. The details of operative and
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postoperative management of the hyperten­
sive paroxysms and the subsequent hypo­
tensive state are reviewed.
A possible association with other neuro­
endocrine abnormalities, reports in the liter­
ature of a familial incidence and a 
statistically significant association with 
neurofibromatosis suggest that the lesion 
may have a genetic origin. Further investi­
gation of this possibility is warranted.
Pheochromocytomas may be more com­
mon than previously suspected and because 
the hypertension is “cured” in most in­
stances on removal of the tumour, the pos­
sibility of this lesion must always be kept 
in mind in the screening of patients with 
potentially “curable” hypertension.
The authors would like to express their appre­
ciation to Dr. R. A. Gordon, Professor and Head 
of the Department of Anesthesiology, Toronto 
General Hospital, who undertook responsibility for 
the anesthetic protection of the patients. The 
success with which an uneventful outcome was 
achieved speaks clearly of his interest and skill. 
It also bears witness to the value of a policy which 
permits one person to obtain experience with spec­
ialized problems of this type.
Dr. O’Brien has been supported by funds made 
available by the Ontario Cancer Treatment and 
Research Foundation. Interested primarily in the 
chromosome constitution of tumours, his atten­
tion was directed to pheochromocytomata on the 
basis of the possible genetic influences alluded to 
in the text. Subsequent cases will be studied in this 
fashion. Grateful appreciation is herewith acknowl­
edged for this assistance by the Foundation.
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R e su m e
Le diagnostic differentiel precoce d’une hyper­
tension est d une importance capitale pour un 
traitement efficace, car il faut appliquer une 
therapeutique adequate avant que le syndrome 
hypertensif ne devienne irreversible. C’est tout 
particulierement le cas du pheochromocytome, 
ou l’ablation de la tumeur primitive est suivie 
d’une guerison complete. L ’adrenaline et la 
noradrenaline sont produites par les cellules de 
la medullo-surrenale, mais la noradrenaline (pre- 
curseur biologique de l’adrenaline) peut etre 
fabriquee par n’importe quelle cellule chromaf- 
fine. Cette difference peut aider a localiser la 
lesion par dosage de l’adrenaline. Du point de 
vue physiologique, l’adrenaline a un effet stimu- 
lateur cardiaque et metabolique, alors que la 
noradrenaline n’agit que sur le systeme vasculaire
peripherique. Le malade doit avant tout etre 
examine soigneusement pour les differentes causes 
d’hypertension; lorsqu’on arrive a les eliminer, on 
doit penser au pheochromocytome et proceder a 
des epreuves particulieres. On a decrit et utilise 
differents tests employant des substances capables 
de provoquer une decharge d’adrenaline ou des 
sympathycolytiques, parmi lesquels la dibenamine, 
la dibenzyline et la regitine. Ces substances agis- 
sent de fagon diverse et la valeur de ces tests est 
discutee en detail. On peut aussi proceder a des 
dosages d’adrenaline et de noradrenaline dans les 
urines, ou a celui de 1’acide vanillylmandelique 
qui est un de leurs metabolites intermediates. La 
localisation de la tumeur quant au cote peut etre 
faite par les moyens radiologiques: radios sous 
insufflation retroperitoneale d’air ou de C 0 2, et 
arteriogrammes. La pyelographie intraveineuse 
simple est susceptible de foumir de bons renseigne- 
ments, montrant souvent la presence d’une masse 
suprarenale. Cependant une exploration abdominale 
complete doit etre pratiquee du fait des possibilites 
de lesion contralaterale et de foyers surrenaliens 
aberrants le long de l’aorte. En cours d’operation 
des crises hypertensives paroxystiques peuvent etre 
provoquees par une manipulation trop brutale de 
la tumeur; on se protegera de ce danger par une 
mensuration constante de la pression arterielle 
obtenue directement de l’artere femorale a travers 
une aiguille; on peut ainsi reperer le debut d’un 
de ces acces et le traiter plus efficacement. Apres 
l’intervention on assiste souvent a un phenomene 
inverse, c’est a dire a une hypotension transitoire 
qu’il faut traiter par les vaso-presseurs pendant 
un temps plus ou moins long. A tire illustratif, 11 
histoires de cas sont rapportees ici en fin d’article.
MODERN TRENDS IN SURGERY. First Series. 
Edited by W. T. Irvine. 307 pp. Illust. Butter- 
woi-th & Co. (Canada) Ltd., Toronto, 1962. 
$14.25.
This is a well-produced book and clearly 
printed with good illustrations, diagrams and 
charts. It is easy to read. The quality of the 
various chapters is somewhat variable. The 
first chapter deals with “Recent Advances in 
Surgery of the Stomach”. It describes the 
various procedures used at the present time. 
The problem is that there do not seem to 
have been any very significant advances.
The second chapter is on the rectum and 
anus. This is a good chapter; it deals with 
newer work on prolapse of the rectum, anal 
fissure and anal fistulas.
The third chapter on biliary and pancreatic 
surgery adds little to present knowledge and 
it is an extremely brief review of the subject. 
The chapter on portal hypertension is, in the 
mind of this reviewer, the best chapter in the 
book. It is by Professor R. Milnes Walker of 
Bristol.
The chapter on vascular surgery by Rob 
and DeWeese is a good chapter and brings in 
some of the newer work in this field. Another 
good chapter is “Surgery of Renal Artery Sten­
osis”, and the illustrations in this are very good 
indeed. The one covering “Treatment of Can­
cer of the Breast” is somewhat confusing (as 
this subject always seems to be) when survival 
studies are reported relative to various forms 
of treatment. In palliative treatment for inop­
erable breast cancer the author discusses his 
method of using yttrium to produce hypo- 
physectomy.
The chapters on renal transplantation, hypo­
thermia and regional and total body perfu­
sion are interesting but little advance seems 
to have been made in these fields of late. The 
chapters on wound healing, osmotic and acid- 
base balance, wound infection and preven­
tion, and problems of massive blood trans­
fusion are all worth reading but, again, do not 
add greatly to present knowledge.
As a book for review of the present knowl­
edge in these various fields, it has value for 
the physician who has not been following the 
literature carefully.
276 CANADIAN JOURNAL OF SURGERY Vol. 6
HEMIACIDRIN (RENACIDIN): A STUDY OF ITS USE IN 40 PATIENTS 
WITH BLADDER CALCULI9
R. GORDON HEPWORTH, M.D., Vancouver, B.C.
A means of removing urinary calculi with­
out surgical intervention has been sought 
for some time. The difficulty in developing 
a suitable solvent for this purpose is in­
creased by the variations in chemical com­
position of the calculi.
Hemiacidrin ( Renacidin ) f  is a soluble 
organic acid compound which contains 
lactones, anhydrides and acid salts of multi­
valent organic acids from the gluconic, cit­
ric and malic groups. Clinically, a 10% 
solution with a pH of 3.9 is used. The solu­
tion is stable and may be boiled for steril­
ization without losing its potency.4, 5
Mulvaney1 conducted in vitro studies of 
the action of hemiacidrin on calculi and 
concluded: “It is suggested that renacidin 
may prove beneficial in selected conditions 
limited by the complicated structure of 
stones in preventing calcification of in­
dwelling catheters draining the urinary 
tract; in reducing the size of ureteral and 
renal calculi composed primarily of cal­
cium carbonate and/or phosphate to a size 
which can be passed or manipulated; soft­
ening large vesical calculi to assist crush­
ing by the lithotrite; as an adjunct to treat­
ment of alkaline encrusted cystitis or 
encrusted sloughs, as an irrigant after lith­
otomy: it should prove useful in removing 
small particles of calculus.”
In a further study2 he reported on 28 
cases treated with hemiacidrin solution and 
commented favourably on its use to pre­
vent calcium deposits in urethral catheters 
in 100 cases.3 More recently, Abeshouse and 
co-workers4 reported 14 cases where hemi­
acidrin had been used successfully.
This study of 40 patients included 25 
who had vesical calculus, 10 in whom cal­
cium material was present in association 
with an indwelling catheter, and five in 
whom cafcium material was associated with 
marked urinary infection. It does not in­
clude the treatment of renal or ureteral
"Shaughnessy Hospital, Vancouver, B.C. 
tRenacidin is a proprietary preparation of the 
Guardian Chemical Corporation, 41-45 Crescent 
St., Long Island City 1, New York, U.S.A.
calculi. The in vitro studies of calculi from 
patients other than those in this study 
showed that the composition of these cal­
culi was:
I
 Cholesterol /Calcium carbonate
Uric acid Soluble \Calcium phosphate 
Calcium calculi /Magnesium 
oxalate { ammonium
' phosphate
This confirmed similar studies by Mul­
vaney.1
Technique
All of these patients were treated by a 
standard technique. The first five were 
subjected to irrigations with G solution as 
a primary procedure and had subsequent 
irrigation with hemiacidrin. The patients 
were cystoscoped three times, that is, be­
fore hemiacidrin therapy, after 10 days of 
therapy, and when the stones were small 
enough for removal (as determined by 
radiographic studies) or at the conclusion 
of treatment. Hemiacidrin solution 10% at 
body temperature was dripped continuously 
into the bladder through an irrigating type 
of Foley catheter throughout each 24-hour 
period. During treatment, subjective en­
quiry was used to reveal any discomfort 
and radiography was used to determine 
any changes in the size of the calculus. 
Radiographs were taken on the first day 
and every 10 days thereafter. Cultures of 
the urine were made to assess the effect 
of hemiacidrin therapy on infection. In a 
preliminary study of 10 patients not in­
cluded in this series, it was shown that 
hemiacidrin would completely dissolve 
some calculi. In the present series, all of 
the cases were allowed to progress to a 
point where the stone had almost dissolved 
and then the last piece of stone was re­
moved through an instrument and sent for 
chemical analysis. The irrigations were 
continued up to 36 days and in two pa­
tients up to 38 days. It was found that 
stones not demonstrably altered in 21 days 
by irrigation were unlikely to dissolve.
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Fig. 1.—Dumb-bell shaped calculus which dissolved after 15 days—note alteration in density.
R esults
None of the stones treated with Suby’s 
G solution showed any change in size. 
Treatment with this solution did not de­
monstrably alter the clinical picture, al­
though infection was sometimes dimin­
ished.
Of 25 patients with vesical calculus, 
80% responded to hemiacidrin treatment, 
the average time required for such response 
was 17 days; the longest was 38, the short­
est seven days (Table I).
Subjectively, all of the patients com­
plained of suprapubic aching pain and 
28% complained of “bladder spasm”.
TABLE I.— Su m m a r y  o f  R e su l ts  o f  H e m ia c id r in  
T h e r a p y  in  25 P a t ie n t s  w it h  V e sic a l  C a l c u l i
Dissolved..................................................................  *20
Not dissolved........................................................... 5
Infected....................................................................  24
Bladder mucosal changes.........................................  12
Systemic reactions..................................................  5
Radiological changes in calculi................................. 17
Average time (days).................................................  17
*Includes three partially dissolved.
Twenty-four (96%) had infection at the 
outset. Twelve (50%) showed mucosal 
changes in the bladder, not present at the 
commencement of treatment but present 
when treatment was complete. These 
changes consisted of reddening and edema 
of the mucosa, which varied from mild to 
bullous edema; these disappeared when 
the treatment was discontinued and hence 
were attributed to the irritative properties 
of the solution.
Five patients (20%) showed evidence of 
systemic disturbances during irrigation. All 
developed pyrexia; three had associated 
nausea; one had associated vomiting. These 
patients were known to have urinary in­
fection before treatment. For this reason 
the pyrexia and nausea with vomiting were 
attributed to a flare-up of the infection. 
This was confirmed in one patient in whom 
a bacteremia was found to be the cause 
of the symptoms; the same organism was 
found in the blood culture as had been 
found in the urine culture.
Radiological changes, consisting of
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Fig. 3.—Reduction in size and number of calculi in 30 days.
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diminution in the size of the calculus and 
alterations in density, were apparent in 17 
cases (68%). These changes were usually 
apparent after 10 days (Figs. 1-4).
In three patients some radiological 
changes occurred in the stones, but com­
plete dissolution failed to occur. These 
stones were a mixture of carbonate and 
oxalate. All of the patients in whom the 
stone dissolved had either a phosphate or 
a mixture of a carbonate and phosphate 
calculus. Calcium oxalate stones did not 
alter under therapy (Table II).
TABLE II.—S u m m a r y  o f  R e su l t s  in  25 P a t ie n t s  
w it h  D if f e r e n t  T y p e s  o f  C alc u li
Failures Successes
Calcium oxalate.............................. 4
Calcium phosphate....................  —  10
Phosphate/oxalate........................  —  1*
Carbonate /  phosphate...................  —  7
Carbonate/phosphate/urate. 1 —
Unknown.........................................  —  2
‘ Partially dissolved.
Ten patients in whom an accumulation 
of phosphatic material was associated with 
the catheter and five in whom calcium was 
associated with urinary infection only, re­
sponded to five to seven days of hemiacid- 
rin therapy.
Five patients had encrusted cystitis and 
showed a mixed growth on culture. After 
dissolution of the calcium material they 
were treated for an additional 10 days with 
a continuous drip of hemiacidrin 10%. No 
antibiotics were used. Twelve hours after 
the solution had been discontinued, cathe­
ter specimens were obtained. There was no 
appreciable difference in the bacterial 
count or the pattern of infection in these 
cases. It was concluded that hemiacidrin 
alone was of no value in the control of 
urinary infection.
C ost of T reatm en t
The cost of 300 g. of hemiacidrin was 
$6.10; 1200 g. were required to make 12,000 
c.c., which was the volume of solution used 
in 24 hours, a cost of $24.40. A complete 
course on the basis of 17 days’ treatment 
(the average time) would cost $414.80. This 
does not include the payment of employees 
to mix the solution and place it in the re-
Fig. 4.—Partial dissolution of a calculus after 14 
days.
ceptacles, or of those involved in the super­
vision of the irrigations.
C onclusions
Therapy with hemiacidrin is expensive. 
In addition, there is increased morbidity 
associated with its use. Patients tend to be­
come irritable and complain of consider­
able discomfort, an “aching” or “burning 
pain” suprapubically, or “bladder spasms”.
Hemiacidrin therapy may be indicated in 
the following circumstances: (1) When 
phosphatic debris interferes with catheter
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drainage; (2) when a calculus or calculi are 
too large for transurethral management;
(3) in the presence of encrusted cystitis, and
(4) in the treatm ent of debilitated patients 
unfit for operation.
There is no place for hemiacidrin therapy 
in patients who have large stones, who are 
able to stand operation or who require 
rapid rehabilitation. In these patients oper­
ative treatm ent is indicated.
SUMMABY
Hemiacidrin treatment in 25 patients 
with vesical calculi and in 15 with calcium  
deposits in the bladder is described. The 
types of calculi amenable to this treatm ent 
are indicated. Radiological changes are 
noted. The cost of treatment is outlined. 
The indications for the use of hemiacidrin 
are discussed.
The author wishes to thank Dr. John Balfour 
and Dr. L. R. Williams for referring the patients 
for this study and for their encouragement, and 
Dr. W . H. Sutherland for his help in the prepara­
tion of the manuscript.
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R e s u m e
Depuis longtemps, on s’est applique a trouver 
un moyen medical de supprimer les calculs uri- 
naires; la difficulty principalc a sunnonter dans 
ce but est la grande variability de composition 
chimique de ces calculs, qui cause des problemes 
de solubilite selon les solvants employes. L ’he- 
miacidrine (Renacidin) est un melange organique 
soluble, acide, qui contient des lactones des an­
hydrides et des sels acides des groupes des acides 
gluconique, citrique et malique. On emploie en 
clinique une solution a 10% ayant un pH de 3.9. 
Cette substance a ete etudiee systematiquement ici 
chez 40 malades dont 25 etaient porteurs de cal­
culs vesicaux, 10 chez qui des troubles de precipi­
tation de calcaire etaient provoques par un cathe­
ter a demeure et cinq chez qui des depots calcaires 
s’accompagnaient d’infection urinaire mar­
quee. On sait que les calculs urinaires, selon leur 
composition chimique, peuvent etre classes en cal­
culs solubles (formes de carbonate et phosphate 
de calcium, et phosphate d’ammonium et de mag­
nesium ) et calculs insolubles ( contenant du cho­
lesterol, de l’acide urique et de l’oxalate de cal­
cium). Tous les malades recurent un traitement 
standard identique: une solution d’hemiacidrine a 
la temperature du corps fut perfusee goutte a 
goutte par un catheter, ceci pendant 24 heures; 
en cours de procedure, le sort des formations cal­
caires etait etudie par des radiographies. Les per­
fusions furent continuees pendant des periodes 
allant jusqu’a une vingtaine de jours; dans 1’en- 
semble, 80% des cas beneficierent de ce traitement 
en 17 jours; les controles radiologiques indiquent 
que la dissolution des calculs commence vers le 
dixieme jour. II faut noter que dans les cas pre- 
sentant une infection surajoutee, l’hemiacidrine est 
sans valeur dans le controle de l’infection elle- 
meme. Les encroutements calcaires dus a la pre­
sence de catheters a demeure commencent a se dis- 
soudre en une semaine environ.
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THE PROGNOSTIC SIGNIFICANCE OF GROSS VENOUS INVASION 
IN CARCINOMA OF THE RECTUM”
S. E. CARROLL, B.A., M.D., F.R.C.S.[C],t London, Ont.
R e c e n t ly , there has been a great deal of 
interest in methods of demonstrating malig­
nant cells in the peripheral blood of cancer 
patients.12,19,21,24 Unexpectedly, Engell11 
failed to establish a significant alteration in 
the five-year survival rate of surgical cases 
previously known to have cancer cells in 
the blood. In the light of this knowledge, 
a study of a group of patients undoubtedly 
exposed to circulating cancer cells for a 
prolonged period was considered appropri­
ate.
M a terials and M ethods
At St. Mark’s Hospital for Diseases of the 
Rectum, London, England, a continuing 
study of carcinoma of the rectum has been 
carried out since 1924. Clinical and patho­
logical records have been standardized. The 
excised specimens were prepared as des­
cribed by Gabriel, Dukes and Bussey,13 in­
cluding photographs of the opened rectum 
and of the tracing of the dissection (Fig. 1). 
All operations have been directed by a 
small group of surgeons. Clinical follow-up 
study has been exhaustive, only one in this 
group of 204 patients being lost before five 
postoperative years had elapsed.
From 1928 until 1952 inclusive, 2447 
patients with rectal cancer were treated 
at St. Mark’s Hospital by an operation 
which removed the primary tumour. This 
series of cases, reported by Dukes and 
Bussey,9 has been used as a basis for com­
parison and constitutes a “general group”. 
Both the patients who had been operated 
upon to achieve palliation and those in 
whom a cure was attempted were included, 
as well as those with venous invasion. Pa­
tients who died in hospital were excluded from the following tables. For technical
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Fig. L—An example of the records at St. Mark’s Hospital. On the left is a photograph of the specimen with the rectum opened anteriorly. On the right is a photograph of the tracing made at the time of dissection. Venous invasion is indicated by the black area within the vein.
and other reasons, a few specimens were 
not classified in all respects and this ex­
plains the discrepancies in the total num­
ber of cases included in the different tables. 
This “general group” therefore comprises 
essentially all of the patients with car­
cinoma of the rectum who survived an 
excisional type of operation and actually 
includes the much smaller number of cases with venous invasion.
Evidence of macroscopic venous invasion 
has been diligently sought by gross dissec­
tion in the laboratory at St. Mark’s Hospital 
since 1935. A typical example is shown in
282 CANADIAN JOURNAL OF SURGERY Vol. 6
Fig. 2.—Stenosing carcinoma of the mid-rectum. 
Carcinomatous nodes are blackened in the tracing. 
The shaded area indicates extrarectal spread, A 
submucous vein has been invaded.
Fig. 2. Before December 31, 1952, 204 pa­
tients with such invasion survived opera­
tion, i.e. left hospital; these constitute the 
“venous group” and include 40 treated by 
palliative resection.
The five-year survival rate, corrected for 
age and sex as recommended by Stocks, has 
been used as the basis for all comparisons.9 
The statistical methods suggested by Hill17 
have been followed, using his formula for 
the standard error of the difference be­
tween proportions. A probability of 5% has 
been considered significant; 1% highly sig­
nificant.
O bservation s
A. Incidence Studies
From 1935 to 1952 inclusive, 1996 excised 
specimens were examined at St. Mark’s. 
Gross extension of the tumour into veins 
was demonstrated in 236 cases, 11.8%. The
TABLE I .— I n c id e n c e  in  T erm s  o r  D u k e s ’ 
C l a s sif ic a t io n *
Class Venous group General group
A .................................  2 (0.98% ) 308 (15.1% )
B .................................  58 (28.4% ) 692 (34.0% )
C l ...............................  85 (41.7% ) 755 (37.1% )
C 2...............................  58 (28.4%) 282 (13.8% )
There were a significantly greater number of 
cases with lymphatic metastases (Class C) in the 
venous group. For Class C2 the difference was highly 
significant.
*Dukes' classification:
A— Growth confined to rectum; no extrarectal 
spread; no lymphatic metastases.
B— Direct spread into extrarectal tissues; no lym­
phatic metastases.
C— Lymph nodes invaded:
C l— at least one lymph node free of tumour 
between the highest invaded node and the 
site of ligature on the main pedicle.
C2— metastases in nodes up to the ligature on 
the main pedicle.
TABLE II.— I n cid en ce  in  T e r m s  of 
H isto lo g ic a l  G rad es
Grades Venous group General group
Low (Grade I) . . . . 18 ( 8 .8% ) 407 (19.4% )
Average (Grade II) 101 (49.5%) 1266 (60.4%) 
High (Grade III
and I V ) ...............  8 5 (4 1 .7 % ) 424 (20.2% )
The decreased number of low-grade tumours and 
the increased number of high-grade tumours in the 
venous group were highly significant.
32 patients who did not survive operation 
have been excluded from Tables I, II and 
III.
The figures given in these tables demon­
strate that carcinomas of the rectum with 
venous invasion are likely to give rise to 
lymph node metastases, to have extensive 
local spread, and to be of average grade or
TABLE I I I .— I n c id en ce  in  T e r m s  of 
E x t r a r e c t a l  Sp r e a d *
Spread Venous group General group
Slight....................... 48 (25.1%) 516 (36.1% )
Moderate................  26 (13.6%) 273 (19.1% )
Extensive.................. 117 (61.3%) 641 (44.8% )
More than half of the “ venous cases”  had exten­
sive local spread, whereas only 44.8% of the general 
group had this spread. The difference was highly 
significant.
*Please note that all Class A cases have, by 
definition, no extrarectal spread and that lymphatic 
metastases may occur before extension beyond the 
rectum, i.e., a Class C ease may have no extrarectal 
extension.
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high grade in terms of histological charac­
teristics.
Previous studies9 have demonstrated that 
carcinomas of the rectum with the features 
just noted are more likely to have venous 
invasion. Gross venous invasion was found 
in 22.9% of high-grade tumours but only 
in 4.9% of low-grade tumours. Venous in­
vasion is three times more prevalent in the 
presence of extensive extrarectal spread 
than with slight local spread. Only 0.8% 
of A cases in Dukes’ classification had 
venous invasion while 16.1% of C cases 
demonstrated venous involvement.
From this evidence, it appears to be 
established that gross venous invasion is 
associated with other factors which influ­
ence the prognosis adversely.
B. Survival Studies
Of the 204 patients in the venous group, 
62 survived for five years after operation, 
giving a crude rate of 30.4%. The corrected 
five-year survival rate of 36% was sig­
nificantly less than that of 57.4% survival 
found in the general group. Actually, the 
demonstration of gross venous invasion did 
not prove as ominous with respect to prog­
nosis as had been anticipated.
In the report on incidence studies noted 
above, it was demonstrated that the venous 
group included many unfavourable cases. 
Tables IV, V and VI are presented to 
isolate these various factors.
Table IV demonstrates that the cases 
with venous invasion had a decreased sur­
vival rate in each of Dukes’ classes except 
C2, the most unfavourable class. For all
TABLE IV.—C o r r ec t e d  F iv e -Y ear  S u r v iv a l  
R a t e  (D u k e s ’ C la ssifica tio n )
Venous group General group
Class %  %
A ................................ 2 cases only No comparison
possible
B ................................ 67.5 77.6
C l .............................. 28.0 40 .9
C 2.............................. 14.2 13.6
All Ceases..............  23.1 32.0
The survival rates in Class Cl and in all C cases 
were significantly lower in the venous group than in 
the general group.
Within the venous group, the presence of 
lymphatic metastases was associated with a lower 
survival rate. A similar finding was observed in the 
general group.
TA BL E  V.— C o r r ected  F iv e -Y e a r  S u r v iv a l  
R a t e  (H isto lo g ic a l  G r a d e )
Grade Venous group
%
General group
%
Low (Grade I ) ........ 34 .8 77.3
Average (Grade II). 44.8 60.6
High
(Grades I I I  and IV) 26.2 28.9
The survival rates in the low and average grades 
were significantly lower in the venous group than in 
the general group.
Within the venous group, the lowered survival 
rate in high grade lesions was of borderline signi­
ficance.
It was observed that the low-grade carcinomas 
in the venous group included many cases with 
extensive local spread.
TA BL E  V I.— C o r r ected  F iv e -Y e a r  S u r v iv a l  
R a t e  (E x t r a r e c t a l  S p r e a d )
Spread Venous group General group
% %
Slight or moderate. 54 .6  67 .6
Extensive................. 24 .4  26 .7
For this analysis, the slight and moderate 
classes of extrarectal spread were combined to give 
a larger number. The lowered survival rate in this 
combined category was significant.
Within the venous group, survival was signi­
ficantly lower in the presence of extensive spread.
histological grades the survival rates were 
lower in the venous group, but the differ­
ence is much greater in the low-grade 
tumours. Table VI indicates the adverse 
influence of venous invasion upon tumours 
with different degrees of local extension, 
again with a greater difference in patients 
with a favourable prognosis. This evidence 
indicates that the factor of venous invasion 
does alter the prognosis in each of these 
sub-groups.
Considering the venous group separately 
in the left column of Tables IV, V and VI, 
it is apparent that the presence of lymphatic 
metastases and of extensive local spread 
markedly lower the survival rate. The in­
fluence of histological grading is not so 
evident. The factor of venous invasion does 
not obliterate the effect of other factors 
upon the survival rate.
Other factors— Neither the incidence of 
venous invasion nor the survival rates were 
found to correlate with age, sex, rectal 
bleeding, duration of symptoms, occupa­
tion, gross type of tumour, position of the 
tumour or associated benign conditions. 
Two pathological features were of interest.
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Fig. 3a Fig. 3b
Fig. 3a.—Photographs of the specimen and tracing of H.G. showing a carcinoma of the 
lower rectum with venous invasion up to the ligature. Fig. 3b.—Photograph of the invaded superi­
or hemorrhoidal vein of H.G. This patient had a perineoabdominal excision of the rectum by Mr. 
YV. B. Gabriel and died 23 years later as a result of complications of diabetes mellitus. [These photo­
graphs are reproduced by courtesy of the Honorary Editors of the Proceedings of the P,oyal Society 
of Medicine and with the kind permission of Mr. W. B. Gabriel (Proa. Roy. Soc. Med., 50: 1041, 
1957).]
Invasion of the superior hemorrhoidal 
vein or its major tributaries within one inch 
from its bifurcation occurred 76 times. Only 
13 patients with this finding lived five years, 
which proved to be significant on analysis. 
In eight specimens, the tumour extended 
to the point of ligature on the superior 
hemorrhoidal vein. The specimen from the 
sole survivor in this group is shown in 
Figs. 3a and 3b.
Discontinuous venous invasion (separate 
from the primary tumour) may occur from 
lymph node deposits or from venous emboli. 
This occurrence was observed in 15 cases 
with one survivor. Although significant by 
our methods, the number of observations 
was small. This feature is considered un­
favourable.
From a consideration of available evi­
dence, five-year survival did not depend 
upon the type of operation employed, nor 
upon the surgeon.
C. Survival Patterns and Sites of 
Recurrence
The details of an extensive follow-up 
program are summarized in Table VII. In 
general, the findings agree with those of 
others.
Curability in these cases was assessed 
by the surgeon at operation and deemed 
possible if all gross tumour had been 
removed. Palliative resection often gives a 
period of good health and useful activity. 
When a nodule in the liver, considered at
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T A B LE VII.— As s e s s m e n t  o f  Ca u s e s  o f  D eath
Years from operation
Palliative cases Non-palliative cases
Totals
Cancer
recurrence Other
Cancer
recurrence Doubtful Other
0 - 5 ............................................ .........  38 0 72* 17 15f 142
5 - 1 0 .......................................... .........  0 n 7 2 13§ 23
1 0 + ............................................ .........  0 in 0 0 6 7
Totals........................... .........  38 2 79 19 34 172
Deaths due to rectal cancer.................................................................................................  117
Living at last follow-up.........................................................................................................  32
Crude 10-year survival ra te .................................................................................................  2 1 . 2 %
■"Including one untraced case, presumed dead from cancer; another patient died with pancreatitis 
but had one metastasis in the liver at autopsy.
■(including one death from a perforated duodenal ulcer and two deaths from perforation by “wash­
out” tubes.
JNo follow-up after seven years. The nodule in the liver a t operation was probably not a metastasis.
§Including two suicides and one death from recurrent malignant carcinoid tumour.
This patient died from oat-cell bronchogenic carcinoma. Residual carcinoma of the rectum was still 
present in one left para-aortic node, almost unchanged after 10J/2 years.
Approximately half of the palliative cases died within one year from operation, one-quarter in the 
second year and the remainder later.
There were 15 autopsies; four of the patients had no residual carcinoma.
T A B LE V III.— C lin ica l  R e c u r r e n c e  in  P a t ie n t s  Op e r a t e d  U pon  fo r  C u r e
Abdomen,
Regional including
Years from operation Perineum nodes peritoneum Liver Lungs Pelvis Widespread
0 -  1 ..........................................  3 2 2 15 1 7
1 -  2 ..........................................  1 16 10
2 -  3 .......................................... 1 1 6 1 4
3 -  4 .......................................... 2 1 4  4
4 -  5 ..........................................  1 1 2  1
5 -  6 ......................................  2 1
6 -  7 ......................................  2
7 -  8 .......................................................................
8 -  9 ......................................  1
Total...........................  6 4 4 47 4 1 26
Cases with recurrence suspected upon clinical grounds were included. The first detectable site has 
been used for this classification.
laparotomy to be a metastasis, proves to 
be benign, or a cancer remains quiescent, 
the patient receives an unexpected benefit 
(see Footnotes t  and jj, Table VII).
Table VIII lists the sites of the first de­
tectable recurrence after excision for cure. 
As anticipated, most recurrences were 
found within two years of operation and 
the liver was frequently involved. Recur­
rence beyond five years remains a possi­
bility.
Table IX indicates that carcinoma of the 
rectum does not metastasize selectively to 
either lobe of the liver.
Fig. 4 illustrates the survival rates in 
these two groups of patients. The area be­
tween the curves represents the effect of 
gross venous invasion upon survival.
T A B LE  I X .— S it e  o f  H e p a t ic  M e t a s t a s e s
Right lobe only..............................................................  9
Left lobe only.................................................................. 4
Both lobes........................................................................  16
Not stated........................................................................  47
These figures were based upon the findings at 
operation or at subsequent examinations.
D iscussion and C onclusions
In retrospect, it is logical to assume that 
this group of patients had been exposed 
to circulating cancer cells for an appreci­
able period of time.3 At least two quadrants 
of the rectum were involved in most of 
these cases and it has been estimated that 
approximately six months are required 
for this progression.14 Several investiga-
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the rectum. The area between the curves repre­
sents the influence of venous invasion upon the 
survival rate.
tors11’ 20' 23 have demonstrated a surprising 
frequency of carcinoma cells in the periph­
eral blood, particularly in the higher grade 
lesions and in those with metastases. Circu­
lating cells have been demonstrated before 
microscopic invasion,1 so at the stage of 
macroscopic encroachment it is likely that 
millions of malignant cells have already 
entered the blood stream.
The case material at St. Mark’s Hospital 
presents a unique opportunity for the study 
of a large number of patients with well- 
documented treatment and follow-up. The 
method of gross dissection of the specimen 
is time-consuming, must be meticulous and 
is only feasible in a specialized hospital. 
The corrected five-year survival rate is a 
time-tested criterion, although admittedly a 
crude measurement. The statistical methods 
employed are considered to be standard for 
clinical research. Although it may seem 
illogical to compare a “venous group” to a 
“general group” containing the same cases, 
this has been done deliberately to make the 
larger group representative of all patients 
and to increase the stringency of the statis­
tical analysis. It is considered justifiable 
since less than one-eighth of all of the cases 
had demonstrable venous invasion.
The incidence of venous invasion in this 
series, 11.8%, is lower than that deter­
mined by other methods.2’ 18 The incidence 
was significantly higher in Dukes’ Class C, 
in higher grade tumours and in those with 
extensive extrarectal spread. These obser­
vations were expected.
One-third of these patients exhibiting 
gross venous invasion survived five years. 
Discovery of the involvement of veins by 
tumour makes cure less likely yet does not 
indicate a hopeless prognosis. These find­
ings confirm Engell’s conclusions.
Venous invasion has been found to be 
associated with lymphatic metastasis, higher 
histological grade and extensive extrarectal 
spread. In the subdivided groups (Tables 
IV, V and VI), those with venous invasion 
had a lower survival rate, particularly in 
classes in which a more favourable prog­
nosis would have been expected. Converse­
ly, the influence of the factors noted 
immediately above has also been demon­
strated within the venous group. Venous 
invasion cannot be considered an over­
whelming factor in assessing prognosis, that 
is, venous invasion is important in assess­
ment but is not sufficiently so to exclude 
other considerations. Perhaps the true inci­
dence of venous invasion is much higher 
in the C2, anaplastic and locally extensive 
groups, as has been suggested in Sunder­
land’s work.26 This hypothesis would ex­
plain the failure to demonstrate a signifi­
cant lowering of the survival rates in these 
subgroups when venous invasion had been 
observed.
The superior hemorrhoidal vein drains 
via the portal system to the liver. As ex­
pected, proximal extension within this 
system was associated with a poor prog­
nosis. Discontinuous venous invasion is 
actually one form of metastasis formation 
and the lower survival rate in this small 
group was anticipated.
These studies of the causes of death and 
the sites of recurrence serve to reinforce 
what is known concerning carcinoma of the 
rectum. Unfortunately, most deaths are due 
to recurrent or residual disease and occur 
within two years after excision.4’ 9’ 27 Diffi­
culties in ascertaining the exact cause of 
death are legion, but the outpatient records, 
follow-up letters and death certificates in 
the National Registry of Great Britain 
allowed a satisfactory compilation. Hepatic 
metastases were common in this group. It 
may prove true that widespread systemic 
metastases are a hallmark of carcinomas 
with venous invasion.
Current surgical interest in partial hepa-
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tectomy led to the inclusion of Table IX. 
Assuming that many of the “not-stated” 
group would involve both lobes and re­
membering that other contraindications to 
operation will be frequent, it seems that 
excision of metastases will not be applic­
able to many patients. Perhaps chemother­
apy,20, 22 either systemic or regional, will 
offer hope in the future.
Summary
Gross venous invasion has been found in 
11.8% of cases of excised specimens of 
carcinoma of the rectum at St. Mark’s 
Hospital. The corrected five-year survival 
rate was 36.0%, significantly lower than 
57.4% in a comparable general group. 
Demonstration of venous invasion does not 
constitute a death warrant.
Carcinomatous invasion of veins was 
more frequent in patients with lymphatic 
metastases, extensive local spread and 
higher histological grades of tumour. The 
survival rate in such cases was lowered if 
venous invasion could be demonstrated, 
particularly in the groups with a more 
favourable prognosis. It is postulated that 
venous invasion is actually more frequent 
in the subgroups with the less favourable 
prognosis.
The prognostic influence of Dukes’ 
classes, histological grades and degree of 
local extension were still demonstrable 
within this “venous group”.
Hepatic metastases were frequent in 
these cases. Widespread metastases may be 
characteristic.
The author is indebted to Dr. B. C. Morson, 
Director of the Department of Research at St. 
Mark’s Hospital, for the facilities and advice 
provided. Particular assistance was given by Mr. 
H. J. R. Bussey.
The generosity of the Canadian Cancer Society 
made this study possible. Professor A. D. Mc- 
Lachlin has kindly reviewed the manuscript.
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Resume
Cet article est une etude statistique portant sur 
le pourcentage de cas de cancers rectaux presentant 
une invasion des veines perirectales par des cel­
lules tumorales. Entre 1935 et 1952, 1996 pieces
operatoires furent examinees dans ce but au “St. 
Mark’s Hospital” de Londres, Angleterre, une 
extension tumorale veineuse importante fut de- 
couverte dans 236 cas, soit 11.8%. Ceci semble 
etablir que l’envahissement veineux est un facteur 
qui assombrit le pronostic. De plus, on peut 
considerer que ces malades ont ete exposes pendant 
un temps relativement long a une circulation 
veineuse contaminee de cellules neoplasiques. Ce 
temps est estime a environ six mois. Un tiers 
seulement des patients presentant une abondante 
invasion veineuse a survecu pendant cinq ans; 
cette invasion est associee avec des metastases 
lymphatiques, ou bien a un type histologique de 
malignite plus forte et a une croissance peri- 
rectale plus severe. Les resultats detailles de cette 
etude et la classification des divers types tumoraux 
sont presentes sous forme de tableaux.
S E V E R E  TISSUE DAMAGE IN IN TRA -A RTERIA L PERFUSIO N *
R. W . HAKSTIAN, M.D., M.Sc., E. J. TABAH, M.D., F.R.C.S.[C] and 
F. M. WOOLHOUSE, M.D., F.R .C .S.[C], Montreal
Parenteral cancer chemotherapy is often 
administered by vein but within the past 
few years increasing use has been made 
of the intra-arterial route. The former 
approach is often accompanied by serious 
toxic complications owing to the effects of 
the drug on the hemopoietic, gastrointes­
tinal and central nervous systems, since the 
agent enters the general circulation as well 
as that of the tumour. With the intra­
arterial route, the agent is delivered more 
directly to the tumour via the artery sup­
plying the area and some of it, ideally the 
major portion, is fixed in the tumour before 
it can spill into the systemic circulation.
The generally reversible systemic effects 
of intra-arterially administered cancerocidal 
agents will be excluded from discussion 
in the present communication. The local 
complications of (1 ) regional intra-arterial 
administration of toxic agents, and (2) 
vessel cannulation and perfusion per se will, 
however, be considered.
Regional perfusion is one of the two 
basic methods for administering chemo-
° Departments of General and Plastic Surgery, 
Queen Mary Veterans’ Hospital, and The Montreal 
General Hospital, Montreal.
therapeutic drugs by the intra-arterial 
route. It has become popular in the past 
five years especially since techniques for 
isolation of the circulation to the tumour­
bearing areas have been developed. Iso­
lation perfusion reduces the possibility of 
systemic complications. However, it might 
be anticipated that the local toxicity is in­
creased particularly if high concentrations 
of anticancer drugs are used. While clin­
ical reports mention the possibility of dam­
age to normal tissues surrounding the 
tumour, specific incidences are not given; 
when it is mentioned, the damage is gener­
ally described as being of a superficial 
nature and of brief duration.4,13 The num­
ber and severity of local complications are 
not alarming and it has not been demon­
strated that they constitute contraindica­
tions to perfusion. The following case 
reports are presented because the patients 
suffered damage to normal tissue of a 
degree not previously described.
Case Reports
C ase  1.— Corporal E.M. of the Royal Cana­
dian Air Force, a 30-year-old man in excellent 
general health, reported to his base Medical
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Inspection Room because of pain in a wart- 
like skin lesion on the dorsum of his left foot 
after a minor injury. Excision biopsy led to 
the diagnosis of malignant melanoma. The 
patient was admitted to hospital for further 
treatment. No significant past illnesses and no 
weight loss were reported. The groin nodes 
were easily palpable bilaterally but were 
neither fixed nor enlarged. The liver was not 
palpable. Laboratory investigation showed a 
hemoglobin of 14.4 g. % and a leukocyte count 
of 7400/c.mm. A radiograph of the chest was 
negative.
Treatment, planned jointly by the plastic 
surgery, tumour and pathology services, was 
to consist of wide local excision of the tumour 
area on the foot followed by perfusion of the 
leg with L-phenylalanine mustard (PAM). At 
operation the first procedure was wide local 
excision with a split-thickness skin graft ap­
plied to the underlying fascia. Next the 
femoral vessels were exposed and the lymph 
nodes encountered in this area were removed. 
These nodes were grossly normal and showed 
no evidence of melanoma on microscopical 
examination. The perfusion procedure carried 
out at this point followed closely the patterns 
described by both the New Orleans and the 
Houston groups.3'5’ 13 A soft rubber tourniquet 
was placed firmly around the upper thigh and 
held up by a Steinmann pin inserted into the 
iliac crest laterally. The femoral artery and 
vein were isolated and cannulated with poly­
ethylene catheters so that the openings were 
proximal to the profunda femoris. The small 
arterial branches and venous tributaries, in­
cluding the long saphenous vein, were ligated 
in continuity. Heparin, 150 mg. (2 m g./kg.), 
was administered and the arterial and venous 
catheters were attached to the extracorporeal 
circuit consisting of a Davol pump and dis­
posable bubble oxygenator. The PAM was 
dissolved in propylene glycol and administered 
in three divided doses at 5-minute intervals 
to a total of 120 mg. (1.4 m g./kg.). Perfusion 
was carried out for one hour with approxi­
mately 400 c.c./min. flow rate at a perfusate 
temperature of 40° C. A litre of dextran was 
used to wash out the vascular bed at the end 
of the perfusion and 500 c.c. of fresh blood 
was infused before the vessels were repaired. 
No complications arose during the procedure 
nor during the final stage of closure of the 
wounds. The total operation time was three 
hours.
The immediate postoperative course followed 
the general pattern reported by others.4’ 13 
The patient was nauseated and ran a low- 
grade fever. One week postoperatively the
Fig. 1.—Case 1. Four weeks after perfusion; 
intraepidermal bullae and tanning of the skin of 
the left thigh.
graft and the groin wound were well healed, 
although there was some slight bruising effect 
in the groin. Very little edema of the limb 
occurred. Ten days after perfusion the patient 
complained of an annoying steady pain in the 
medial aspect of his left thigh and began to 
have afternoon pyrexia to 101° F., some 
nausea and anorexia. These were thought to
Fig. 2.—Case 1. Seven weeks after perfusion; 
gangrene of the skin of the left thigh.
represent symptoms and signs of systemic 
toxicity to the PAM. However, the pain in the 
left thigh became more severe and prevented 
knee joint movement. Three weeks after the 
perfusion small blisters were noted on the 
medial aspect of the left thigh, well below 
the cannula tip level, which extended to the 
knee. At first these contained clear serous fluid 
but soon the blisters coalesced, enlarged and 
filled with a blood-tinged serum (Fig. 1). 
They were associated with pruritis and a deep- 
seated aching pain in the thigh. Cool air blown 
over the thigh relieved the symptoms some­
what but the condition continued to grow 
worse. Ulcers developed in the blistered area; 
soon the skin became discoloured and in­
durated, resembling a full-thickness burn 
with cloudy grey patches and some gangrene 
(Fig. 2). It became obvious that debridement 
was necessary and eight weeks after perfusion 
this was carried out. At this operation it 
was clearly evident that the necrosis of the 
epithelium was trivial compared with the 
amount of dead tissue at deeper levels (Fig. 3). 
Indeed, there was fatty necrosis with gross
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Fig. 3.—Case 1. Eight weeks after perfusion; at 
debridement, full-thickness skin loss and tissue 
necrosis at deeper levels.
infection over an area of 11" x 5" of the 
anteromedial thigh. Debridement was car­
ried down to the fascia lata but grafting was 
not carried out at this time because of the 
presence of infection and uncertainty about 
the completeness of necrotic tissue removal. 
The tissue damage was suggestive of hemo­
lytic-streptococcus gangrene. The microscopi­
cal appearance of the debrided material was 
that of necrosed and infected fibroadipose 
tissue with heavy infiltration of the dermis 
with pyknotic polymorphonuclear leukocytes 
and bacterial clumps. No melanoma cells were 
seen. Cultures grew only Staphylococcus pyo­
genes.
Fig. 4.—Case 1. Nine weeks after perfusion; 
muscle necrosis deep to the fascia lata, left thigh.
Dressings soaked in Dakin’s solution were 
applied and changed every day fallowing 
debridement. The wound began to form granu­
lations rapidly except for a 4" x 2" oval area 
centrally located in the debrided field (Fig. 4 ).
Fig. 5.—Case 1. Nine and a half weeks after 
perfusion; necrotic muscle overlying the femoral 
canal region.
Fig. 6a.-Ca.se 1. Debrided muscle showing 
necrosis with loss of striations of fibres (x 200).
Fig. 6b.-Ca.se 1. Muscle-fibre liquefaction and 
complete loss of striations, both longitudinal and 
transverse (x 400).
The fascia in this area was incised, and soft 
mushy brown necrotic muscle was excised 
(Fig. 5). This muscle necrosis was conical in 
shape with this apex deep in the region of 
the femoral canal. Histological examination of 
the specimens showed necrotic and degener­
ated striated muscle; some of the fibres had 
undergone almost complete liquefaction and 
fragmentation, and others, less marked degen­
eration (Figs. 6a and 6b). In some sections, 
vessels of small artery size contained thrombus 
while the walls of others were disrupted and 
their lumina empty.
Ten weeks after perfusion the patient under­
went his third operation. The necrotic tissue 
was debrided completely until fresh bleeding 
muscle was encountered. The surrounding 
granulations on fascia were covered with a 
split-thickness skin graft taken from the right 
thigh (Fig. 7 ). Two weeks later the central
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Fig. 7.—Case 1. Twelve weeks after perfusion; 
skin grafting has covered all but the central area 
where necrotic muscle was excised.
hollow, now extending deep into the rectus 
femoris and vastus intermedius muscles, was 
covered with a graft (Fig. 8). The grafts 
healed well and the rehabilitation of the 
patient was begun 15 weeks after the per­
fusion. He required energetic physiotherapy 
for eight weeks before complete motion of his 
left knee was achieved to a full range and 
until the remaining quadriceps musculature 
was so strengthened that he could walk with 
a cane. He was able to walk unsupported six 
months after the perfusion. At this time there 
was no evidence of recurrence of malignant 
melanoma anywhere in the left lower extremity.
C ase 2.— Mr. A.V., a 33-year-old Italian 
emigrant working as a cleaner, noticed tender 
reddened swellings on the sole of his right 
foot and presented himself to the dermatology 
clinic. Punch biopsy confirmed the clinical im­
pression of Kaposi’s hemorrhagic sarcoma. 
Perfusion was planned after discussion of this 
man’s problem with the staff of the Tumour 
Service.
Using apparatus similar to that employed 
in the first case, a perfusion of 35 minutes’ 
duration was carried out. The arterial catheter 
was inserted into the femoral artery with the 
tip distal to the origin of the profunda femoris 
and the venous catheter was placed in the 
femoral vein via the saphenous vein. The flow 
rate was between 300 and 400 c.c./min. and 
0.7 mg./kg. of mechlorethamine (nitrogen 
mustard, HN2) was administered during the 
perfusion.
After the operation the patient reacted to 
the perfusion in a typical manner. He was 
nauseated and ran a low-grade fever for seven 
days. His right leg was moderately swollen 
and the skin was tense and erythematous 
especially in the neighbourhood of the right 
knee. The patient complained of tenderness of 
the right thigh medially, but his condition did
Fig. 8.—Case 1. Fourteen weeks after perfusion; 
all areas covered by skin graft.
not seem to warrant further hospitalization. 
The lesion on the plantar surface of the foot 
began to regress two days after perfusion and 
within three weeks had disappeared com­
pletely.
After discharge from hospital the patient 
continued to suffer an aching pain about the 
knee which prevented him from working and 
even sleeping. On examination four weeks 
after perfusion, brawny edema of the medial 
lower thigh was noted and some desquama­
tion was evident in an area which had a 
cafe-au-lait discolouration. When seen again 
in the clinic eight weeks after perfusion, the 
patient still had knee pain and associated joint 
stiffness which prevented him from walking 
normally. Within 11 weeks dry gangrene 
developed in the previously discoloured area, 
superomedial to the right patella; this region 
was very tender.
The patient was readmitted and seen in 
consultation by members of the Plastic Surgery 
Service. Debridement was recommended and 
carried out 13 weeks after perfusion. At this 
time there was a discrete area of blackened 
rigid skin, 4" in diameter, which resembled a 
full-thickness bum. When this was excised, 
necrotic fat was uncovered and this too was 
debrided. The fascia overlying the vastus 
medialis was stained a dark-brown colour and 
was shredded. As the debridement was carried 
down, mushy brown muscle was encountered 
and this necrosis was found to extend to the 
level of the deep surface of the vastus medialis 
muscle. The knee-joint capsule and the quadri­
ceps tendon were stained but did not appear 
to be greatly involved in the necrotic process. 
All dead muscle was removed and the remain­
ing healthy edges were loosely approximated. 
W et pressure dressings were applied following 
operation to encourage the development of 
granulation tissue. Eventually split-thickness 
skin grafting was carried out with a 60% take 
on the first attempt. Subsequently, stamp grafts 
were applied until finally the entire debrided 
area was covered 20 weeks after perfusion
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Fig. 9.—Case 2. Twenty weeks after perfusion; 
completely grafted defect in the right-knee region.
(Fig. 9). The tendinous tissue just superior to 
the patella was particularly difficult to cover. 
Physiotherapy was begun in order to mobilize 
the knee and the patient was walking with a 
cane 22 weeks after perfusion. There was no 
evidence of tumour recurrence at that time.
D iscu ssio n
Complications resulting from perfusion 
with chemotherapeutic agents such as those 
seen in these two patients must result from 
a combination of circumstances. The route 
of administration and the specific agents 
used are likely to be the principal causative 
factors, while the reactions of the indi­
vidual patient to the procedures and drugs 
may be responsible to a lesser degree. 
Complications of vessel cannulation and 
perfusion of tissues per se also may have 
contributed to the damage.
The Intra-Arterial Route and
Cancerocidal Drug Administration
Two basic methods of intra-arterial in­
jection are used, infusion and perfusion.
In each the aim is to administer the anti­
tumour agent into the artery supplying the 
tumour and thus achieve a high local and 
relatively lower systemic concentration of 
the drug. The amount of the drug and the 
rate at which it reaches the tumour, the 
temperature, pH, and 0 2 concentration of 
the infusate or perfusate can all be fairly 
well controlled. In regional perfusion one 
attempts to isolate the circulation leading 
to the tumour area and to instil therein for 
a limited period a higher concentration of 
the agent or a more toxic agent than could 
be tolerated systemically. In doing this one 
might fear damage to all of the tissues in 
the region being perfused. However, the 
local effects reported do not seem to pro­
vide cause for alarm.
Stehlin and his colleagues13 noted that if 
the dose was calculated properly on the 
basis of his criteria of local “tissue toler­
ance” and “leakage factor” . . . “the changes 
in affected normal tissue are usually of no 
clinical consequence”. They listed these as 
petechiae, erythema, mild edema and tan­
ning of the skin. There were five serious 
local complications during 116 perfusions 
of 92 patients. Two developed gangrene of 
the leg in which advanced cancer was pres­
ent and for which amputation would 
certainly have been necessary; one had 
been perfused with HN2 and the other with 
Carzinophylin.0 Three others had blistering 
and in one of these pinch-grafting was 
necessary.
In a more recent communication, Stehlin 
et al.u  record the histological changes 
noted in normal tissues following PAM per­
fusion. These include capillary dilatation, 
a mild perivascular lymphocytic infiltra­
tion, interstitial edema and subepidermal 
bullae. Thickening of the walls of arteri­
oles and subsequent thrombosis developed. 
These changes are reflected in the clinical 
appearance of erythema, bulla formation 
and superficial ulceration. They attributed 
the tanning effect on the epidermis to an 
increase in basal layer pigmentation, a 
radiomimetic effect. These effects, they 
noted, varied with the dose of the agent
“A Japanese antitumour agent derived from the 
antibiotic, Streptomyces sahachiroi.
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and with the time interval following perfu­
sion. Creech et al.4 in 1959 mentioned skin 
changes over the perfused area of some of 
the 73 patients perfused up to that time 
These were erythema, brawny edema and 
triethylenethiophosphoramide ( thioTEPA). 
There were erythema, brawny edema and 
brownish skin discolouration, which faded 
gradually over a 7-to-10-day period. Parkins, 
Ravdin and Coggins10 produced severe 
muscle edema and frank necrosis by experi­
mental pelvic vessel perfusions with 2 
mg./kg. of HN2. This is a considerably 
higher dose than generally employed for 
therapy. In spite of the protection afforded 
by the intramuscular administration of 
citrovorum factor in conjunction with the 
arterial perfusion of the antimetabolite, 
4-amino-N-methyl pteroyl glutamic acid 
( Methotrexate), Sullivan, Miller and Sikes18 
noted varying degrees of local toxicity in 
most instances. This consisted of alopecia 
and skin rashes only and was considered 
more of a nuisance than a danger. Similar 
epithelial changes had been noted following 
the intra-arterial injection of HN2 by the 
infusion method by Klopp et al.,8 Bierman 
et al.,1 Grady et al,,9 Sullivan et al.19 and 
Tarr et al,20 These workers observed brawny 
edema and erythema of skin distal to the 
infusion catheters, loss of hair and patchy 
brown pigmentation, all of which resolved 
within three weeks. The most severe local 
effect was a cellulitis of a leg subsequent 
to aortic infusion. The histological changes 
produced in normal tissue by infusion are 
comparable to those seen after perfusion. 
Sullivan et a l,17 noted increased pigmenta­
tion of the basal layer of epidermis after 
one week, and after two weeks changes 
occurred around and within hair follicles 
together with epidermal intracellular 
edema.
Local complications in regional intra­
arterial cancer therapy may be related to 
some extent to the direct delivery of the 
drug at relatively high pressure and flow 
rate to the vascular beds of the tumour­
bearing area, but the toxicity of the par­
ticular drug will also determine the amount 
of tissue alteration.
Originally HN2 was used in intra-arterial 
infusion and it is still thought by some to
be the best anti-tumour drug in many re­
spects.7 Its derivative, L-phenylalanine 
mustard (PAM), is useful because it is 
considered to be less injurious to normal 
tissue and more effective against some 
tumours. It is popular in perfusion because 
it is not deactivated by blood.12 Recently 
it has been used in combination with other 
agents including antibiotics and antimeta­
bolites.5> 18 The effect of the mustards on 
tissue is not completely understood, but it 
is known that inhibition of nucleoprotein 
metabolism by alkylation at the carboxyl, 
amino and sulfhydryl groups of proteins 
and nucleic acids is significant. The effect 
is radiomimetic and normal tissues are 
involved as well as tumour. It appears, 
however, that tumour tissue “takes up” or 
“fixes” a proportionately greater amount of 
the alkylating agent than normal tissue and 
this may be particularly true when the 0 2 
concentration in the area is high.2 Alkylat­
ing agents are known to act more readily 
on the fastest growing cells than on slow- 
growing ones and this may account for the 
favourable responses in rapidly growing 
melanomas. Stehlin et al.14 noted that with 
a PAM perfusion, necrosis of the tumour 
occurred with sharp delineation from 
normal adjacent tissue which showed very 
little change.
The dosages of these agents, arrived at 
by careful animal experiments, are now 
well standardized for the various regions 
which can be perfused. In the lower ex­
tremity, for example, at the iliac and 
femoral artery level, 1.5 mg./kg. of PAM is 
used and 0.8 mg./kg. of HN2.4 Recently 
Creech, Ryan and Krementz5 established 
an upper limit of 100 mg. of PAM for lower 
extremity perfusion. Stehlin and his col­
leagues13 stress the fact that individuals 
vary with respect to tissue reactivity to 
alkylating agents and mention a patient in 
whom 75 mg. PAM perfused at the popliteal 
level led to blistering of the skin. In another 
patient no blistering resulted when 150 mg. 
were used at the same level. They also note 
that where peripheral vascular disease is 
present a smaller dose of the agent must 
be used.18 Presumably, in this condition, 
the agent will not be evenly distributed 
into all capillary fields.
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Vessel Cannulation and
Perfusion Proper
The possible complications of arteriotomy 
and venotomy with the insertion of in­
dwelling cannulae include secondary hemor­
rhage,19, 20 arterial insufficiency owing to 
spasm or thrombosis,11,16 and venous 
thrombosis with its sequela, pulmonary em­
bolism. Stehlin et al.13 mentioned clotting 
within the oxygenator itself on two occa­
sions but they observed no embolic phe­
nomena. These complications have been 
reported in 16% of perfusions.11
Perfusion itself is responsible for tissue 
edema particularly when the inflow of 
perfusate is at high pressure and is not 
matched by a satisfactory venous outflow. 
When the venous pressure rises above 15 
cm. of water, edema becomes quite 
marked.7 Absorption of edema fluid may 
be hampered when lymphatic channels are 
disrupted by node dissections or are de­
stroyed by the compound itself.
Discussion o f Presented Cases
The severe tissue destruction of skin, 
subcutaneous fat, fascia and muscle which 
occurred in the first patient must have 
resulted from a reasonably high concentra­
tion of PAM becoming fixed in the mid­
thigh area. Two possibilities might account 
for this and they are not mutually exclusive. 
It is conceivable that the PAM, although 
well dissolved in the propylene-glycol sol­
vent (PAM is difficult to hold in solution), 
did not mix immediately with the perfu­
sate but travelled initially as a bolus. It 
may have been carried into the profunda 
femoris and thence into the artery supply­
ing the area involved; namely, the descend­
ing branch of the medial circumflex femoral 
artery, and then escaped from the smaller 
end-arteries into the tissues. Alternatively, 
it is less likely but none the less possible 
that a thrombus formed in relation to the 
arterial catheter because of inadequate 
heparinization or other cause. This throm­
bosis may have produced an embolus which 
lodged in the artery causing an infarct of 
the muscle and of the more superficial 
tissues supplied by it. This possibility is 
suggested by the conical shape of the de­
stroyed area. PAM returning in the venous 
flow or infiltrating from other capillary 
beds may have added its toxic effect to the 
devitalized area and aggravated the dam­
age. The skin changes typical of those 
reported in the literature14,17 could have 
developed either as final upward extension 
of the deep necrosis or occurred as an in­
dependent complication by leakage of the 
agent from cutaneous capillaries rather 
than from deeper arteries. The damage 
produced must be considered a toxic effect 
of the drug, but this effect was perhaps 
secondary to a complication of cannulation 
or the perfusion technique itself.
In the second patient, a similar accident 
may have occurred. The most likely pos­
sibility is that a high concentration of 
HN2, poorly mixed in the blood, streamed 
into an artery, such as the saphenous 
branch of the femoral in the knee region, 
and caused tissue death after bursting 
through the thin-walled terminal vessels. 
The pathological changes were more 
marked at deeper levels than on the sur­
face, suggesting that the cytotoxic agent 
escaped from a deep vessel and caused 
damage as it spread upwards through the 
tissues.
Conclusions
New routes and methods of administer­
ing anticancer drugs have been developed 
in the past decade, which represent an 
advance in cancer chemotherapy. Regional 
intra-arterial injection by the techniques of 
perfusion and infusion now complements 
systemic administration and its usefulness 
is demonstrated by the fact that significant 
arrests in growth of primary tumours and 
control of metastases have been obtained 
with such techniques.5,14
By injecting a cytotoxic agent directly 
into the vessel supplying the tumour, a 
direct attack is made on the lesion. By 
isolating the tumour-bearing region from 
the systemic circulation, a larger dose and/ 
or more toxic drug can be used. One would 
expect a higher incidence of local toxicity 
in regional perfusion but reports in the 
literature indicate that because of differ­
ences between malignant and normal cell
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metabolism, which relate to enzymatic 
activity,9 oxygenation2 and the ability of 
the tumour to differentially “take up” the 
agent, damage to normal tissue does not 
occur to a serious degree. Ulceration and 
gangrene of the skin have been reported 
in patients following perfusion, one of 
whom required pinch grafting.1®
The patients presented in this communi­
cation demonstrate that the intra-arterial 
injection of cytotoxic drugs is not without 
serious hazards. Indeed, if the physical 
factors operating during the course of a 
perfusion cannot be adequately controlled 
and there is excess local spillage of the 
agent into normal tissues, as we believe 
occurred in these two patients, the result­
ing damage to healthy tissue may be so 
great as to render the procedure danger­
ous and not worthy of consideration.
Su m m a r y
In this report the case histories of two 
patients are presented in whom severe skin, 
subcutaneous fat, fascia and muscle necrosis 
complicated lower limb perfusions with 
PAM and HN2. The factors probably re­
sponsible for this are discussed. It is con­
cluded that drug toxicity combined with 
faulty perfusion techniques resulted in the 
severe damage to normal tissue. A search of 
the pertinent literature reveals that such 
extensive damage is very uncommon.
The subject of intra-arterial injection of 
cancer chemotherapeutic drugs is reviewed 
and the possibilities for local complications 
are examined by considering the intra­
arterial route, the drugs and dosages em­
ployed, the technique of cannulation of 
large vessels and the method of perfusion 
proper.
The treatment of the damaged areas is 
early wide excision of the entire necrotic 
tissue mass with subsequent split-thickness 
skin grafting of the wounds.
The authors wish to thank Dr. J. Chartier, 
pathologist, Queen Mary Veterans’ Hospital, Mont­
real, for his assistance in the diagnosis of the first 
patient’s condition and in the interpretation of the 
pathological changes in the tissues submitted for 
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R e su m e
La voie intra-arterielle d’administration des 
drogues anticancereuses represente une ameliora­
tion dans la chimiotherapie des tumeurs, surtout 
des extremites, car on peut etablir une circulation 
locale d’agent antitumeur. Grace a ce mode 
d administration les complications systemiques sont 
reduites mais il est possible d’avoir plus de toxicite 
locale a cause de 1 emploi d’une haute concentra­
tion d’agent ou encore d’une drogue trop toxique.
Les revues americaines ne mentionnent que 
rarement les effets toxiques locaux et donnent peu 
d’importance a leur presence. La perfusion intra- 
arterielle demeure neanmoins le moyen prefere 
d administration dans certains cas de melanomes 
malins et de sarcomes dans quelques centres 
medicaux.
Le but de ce travail est de signaler les hasards
de la technique et des medications que l’on a 
actuellement a notre disposition. Nous rapportons 
deux cas: L ’un avait un melanome malin du pied 
gauche, traite par l’excision chirurgicale et suivi de 
perfusion intra-arterielle de la jambe avec le 
"phenylalanine mustard” (PAM). A la suite de 
cette perfusion la patient a developpe de la 
gangrene de la partie antero-mediale de la cuisse 
au-dessus du canal femoral. Cette lesion a pris la 
forme d’une brulure profonde avec destruction du 
muscle, fascia, tissus sous-cutanes, et meme de la 
peau. Le traitement consista a debrider la plaie 
a repetition jusqu’a l’obtention d’un coussin de 
tissu de granulation, avant d’y apposer une greffe 
de peau. Le patient a ete invalide pour une periode 
de six mois.
Le deuxieme cas presentait un sarcome de 
Kaposi du pied droit et son traitement a consiste 
en une perfusion de la jambe avec le “nitrogen 
mustard” (U N -). II a aussi subi une necrose des 
tissus profonds jusqu’au muscle dans la region de 
la cuisse et du genou. Le patient dut etre hos­
pitalise pour une periode de quelques mois.
Nos techniques de perfusion etaient identiques 
a celles decrites par Creech et al.s-5 et Stehlin 
et al.13- 14 et les dosages de medicaments avaient 
ete calcules avec precaution. Nous supposons 
qu’il y avait eu un suintement de perfusat dans 
ces deux cas, c’est-a-dire qu’une embolie de medi­
cament a infiltre les tissus normaux. On conclut 
done que les degats proviennent de la combinaison 
des effets techniques d’injection et de la toxicite 
des drogues elles-memes.
NON-INSULIN-PRODUCING ISLET CELL TUMOURS OF THE
PANCREAS0
A Review of Five Cases Including Four with Zollinger-Ellison Syndrome
JOHN W. MARTYN, M.D., F.R.C.S.[C]f and W. KEITH WELSH, M.B., F.R.C.S.[C],
Toronto
T h e  association of pancreatic function with 
ulcer production was suggested in 1931 
when Elman and Hartmann4 found an in­
creased incidence of peptic ulceration after 
ligation of the pancreatic duct (a proce­
dure which destroys acini but spares islets), 
and a relatively rare incidence of ulcer 
after total pancreatectomy. In 1948, Poth, 
Manhoff and Deloach9 postulated an ul­
cerogenic function of the islet tissue. In 
1952, Strom15 reported peptic ulcer associ­
ated with an insuloma, and in the same 
year Forty and Barrett5 noted the occur-
°From the Department of Surgery, St. Michael’s 
Hospital, Toronto.
+Present address: 314 Rubidge St., Peterborough, 
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rence of duodenal ulceration with islet cell 
tumours of the pancreas. In 1955, Zollinger 
and Ellison17 reported two patients with 
islet cell tumours of the pancreas accom­
panied by jejunal ulceration and indicated 
a causal relationship between the two. 
Some 100 or more such cases have been 
reported since then.
The non-insulin-producing islet cell tu­
mour of the pancreas may give rise to any 
one of three major clinical entities.
Group /.—The classical Zollinger-Ellison 
syndrome is the commonest reported mani­
festation and has as its features the triad 
of gastric hypersecretion and hyperacidity, 
the occurrence of severe, often atypical, 
recurrent upper gastrointestinal ulceration,
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and a pancreatic islet cell tumour which 
does not secrete insulin. The tumour may 
be benign or malignant, and diffuse islet 
cell hyperplasia has also been said to cause 
the syndrome.10, n - 17
The causative role of the islet cells in the 
syndrome has been established but not fully 
explained as yet. The release of a gastrin­
like hormone by the tumour to initiate the 
clinical presentation would seem to be the 
best explanation advanced so far.2’616
Group //.—Chronic diarrhea with or 
without peptic ulceration has been reported 
less frequently. In these patients the diar­
rhea may predate the ulcer or be present 
alone, and through its own severe effects 
may cause death from dehydration, hypo­
kalemia or hypokalemic nephropathy. The 
diarrhea is apparently caused by intestinal 
acidification and impaired digestion and 
not by intestinal hypersecretion or a sero­
tonin effect.1, 3’ 8’ 12
Group 111—T he  pancreatic tumour and 
its sequelae may be part of a generalized 
endocrine adenomatosis. Whether the cause 
is genetic inheritance or end-organ failure 
resulting in an over-production of pituitary 
hormones, there is a 25% incidence of tu­
mour in other endocrine glands in 
patients with the Zollinger-Ellison syn­
drome.7, 10’ 14,16
Various features in addition to those al­
ready mentioned have been ascribed to the 
Zollinger-Ellison syndrome; these include 
an approximately equal sex incidence; an 
age range from the teens to 78 years; a 
40%  incidence of carcinoma in the patho­
logical examination of the pancreatic lesion, 
and an approximate equal occurrence of 
the tumour in the head, body and tail of 
the pancreas.
Since 1955, five patients seen at St. 
Michael’s Hospital, Toronto, had a pancre­
atic islet cell tumour without insulin pro­
duction and four of these patients presented 
with a Zollinger-Ellison syndrome.
C ase R eports
C ase 1.—J.H., a 73-year-old male, was ad­
mitted to the hospital in 1956 and died within 
48 hours with a myocardial infarction. In re­
viewing this man’s history with his family, it
was established that he had had no symptoms 
referable to his stomach, no diarrhea and 
nothing resembling attacks of hypoglycemia. At 
autopsy, he had a 1 cm. tumour in the head 
of the pancreas, which despite a benign histo­
logical appearance was called a carcinoma of 
islet tissue because of lymph node metastases. 
He also had a co-existing carcinoma of the 
prostate.
Case 2.— E.W., a 57-year-old man, was 
first seen at this hospital in 1957, although his 
symptoms suggesting peptic ulcer dated back 
to 1937. In 1942 he suffered a perforation of 
a duodenal ulcer and a gastroenterostomy was 
performed. By 1949 he had had three major 
hemorrhages from his upper gastrointestinal 
tract. In 1952, because of persistence of symp­
toms, a subtotal gastrectomy was carried out 
but hemorrhage recurred on four further occa­
sions. A vagotomy was performed in 1954 but 
he had more bleeding in 1956 and hemorrhage 
again necessitated admission here in 1957. At 
operation on that occasion, a 3 cm. tumour was 
felt in the head of the pancreas and two 
smaller lesions were felt in adjacent lymph 
glands. Biopsy showed that all three were islet 
cell carcinomas (Fig. 1). With resection of all 
but a cuff of stomach at the esophagogastric 
junction and an anastomosis with a loop of 
jejunum, this man is well and asymptomatic 
62 months later. His blood group was O posi­
tive and preoperative gastric acidity done in 
1957 was 5 mEq./hr.
Case 3.— A.M., a 52-year-old man, was 
admitted to hospital in 1960. In 1945 a 
gastrectomy had been performed because of 
recurrent upper gastrointestinal hemorrhage 
and two months later a revision of the gastrec­
tomy was required because of further massive 
bleeding. In 1946 a vagotomy was carried out 
in an attempt to prevent stomal ulceration and 
in 1947 he had an emergency operation to 
close a perforated stomal ulcer. Between 1950 
and 1956 he required repeated treatment for 
stomal ulceration and in 1958 a further re­
vision of his gastrectomy was carried out. In 
1960, when he presented to this hospital after 
60 major hemorrhages and an estimated 250 
bottles of blood, a resection of all of the stom­
ach except a cuff at the esophagogastric junc­
tion and a gastrojejunostomy was carried out. 
At the time of operation the entire pancreas 
felt nodular and a 2 cm. lesion was encoun­
tered above the pancreatic head. An excision 
of this separate lesion showed it to be an islet 
cell carcinoma in a lymph node. This man is 
extremely well 26 months later and has had
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no further symptoms. His blood group was O 
positive and preoperative gastric acidity in 
1960 was 10 mEq./hr.
Case 4.— F.D., a 43-year-old man, began to 
have epigastric pain in 1958, and although 
a definite crater was not demonstrated the 
periodicity of his pain was typical of peptic 
ulcer. In 1960, with more symptoms, he was 
again assessed but was discharged with a diag­
nosis of pylorospasm. In 1961, because of 
severe persistent upper abdominal pain sug­
gesting perforation, a laparotomy was per­
formed and although the ulcer was not identi­
fied, a 4 cm. tumour was easily palpable in the 
tail of the pancreas. With removal of the tu­
mour this man has gained 20 lb., resumed full 
employment and feels quite well 19 months 
later. The tumour proved to be an islet cell 
carcinoma developing in an adenoma (Fig. 2). 
His blood group was AB positive and his gas­
tric acidity was 53 mEq./hr.
Case 5.— J.M., an 83-year-old man, pre­
sented to hospital in September 1961 with a 
six-week history of upper abdominal pain. A 
very large duodenal ulcer was seen on radio­
logical examination and a conservative regimen 
was started. He did not respond. In the last 
few days in hospital he had two massive epi­
sodes of hematemesis and could not be resus­
citated. At autopsy, a 3 cm. encapsulated 
benign tumour was found in the tail of the 
pancreas (Fig. 3) and the large duodenal 
ulcer was found to have eroded into the su­
perior pancreaticoduodenal artery (Fig. 4). His 
blood group was O positive and a gastric acid 
level could not be done.
D iscussion
Many of the observations made by others 
concerning this lesion were repeated in this 
series but there were certain notable ex­
ceptions. All of the patients in this review 
were males. One, aged 83, was older than 
any previously reported. None of the pa­
tients had diarrhea and nothing was found 
in the family history or in the examination 
of their endocrine systems to permit inclu­
sion of these cases as examples of endocrine
adenomatosis. Three of the four patients 
with the ulcer diasthesis ( Cases 2, 3 and 
4) had a pathological diagnosis of islet cell 
carcinoma. These three are alive and well, 
62, 26 and 19 months after operation, de­
spite the fact that the first two had no 
treatment for the pancreatic lesions except 
biopsy.
The islet cell tumour of the pancreas, 
whether it produces insulin or not, often 
cannot be classified as benign or malignant 
on the basis of histology alone. To diagnose 
carcinoma, metastases must be present in 
regional nodes with or without local inva­
sion, or an obvious change between an 
adenoma and its malignant counterpart 
must be demonstrated in the same speci­
men. The paradox of an apparently benign 
clinical course in the longest survivors of 
this series with a pathological diagnosis of 
carcinoma and known metastases must 
mean that this tumour is extremely well 
tolerated by the host. In this respect it 
resembles the insulin-producing islet cell 
carcinoma. Further, Preston and Kukral11 
and Robbins13 have remarked that the islet 
cell tumour is not unlike the argentaffin- 
oma.
The preoperative diagnosis of an ulcero­
genic tumour may be possible in a few 
patients where the clinical history is clear- 
cut and gastric hypersecretion is promin­
ent. In most cases, however, the compli­
cated history and the operative procedures 
which have disturbed gastric physiology 
make any clinical opinion intuitive. The 
majority of patients in hospital at the pres­
ent time with severe ulcer symptoms will 
have the consideration of Zollinger-Ellison 
syndrome included in their differential di­
agnosis for the sake of completeness. The 
diagnosis must be made at laparotomy.
At the time of operation there are sev­
eral alternative methods of dealing with 
the ulcerogenic problem. These depend 
upon where the lesion is situated, whether 
it is benign or malignant and whether or 
not there has been any previous operation.
Fig. 1.—Case 2. E.W. Photograph at operation showing the larger primary lesion in the head 
of the pancreas and the secondary spread. The tumours were a deep pink-purple colour. Fig. 2,— 
Case 4. F.D. Resected specimen showing an islet cell carcinoma developing in an adenoma. Fig. 3. 
—Case 5. J.M. At postmortem a benign tumour was found posteriorly in the tail of the pancreas. 
Fig. 4.—Case 5. J.M. This is the immense ulcer caused by the islet cell tumour in Fig. 3, and the 
eroded vessel, which caused his death, can be seen in the centre of the ulcer.
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Figs. 1-4.
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In general, it may be said that if the tu­
mour is resectable and is removed, the 
symptoms will subside. If the tumour is 
not resectable and there has been a pre­
vious operation involving the stomach, the 
remainder of the stomach should be re­
moved and a gastrojejunostomy carried 
out. If no previous gastrectomy has been 
performed and the pancreatic lesion is not 
resectable, the acid-bearing portion of the 
stomach may be removed, leaving the py­
loric antrum with a pyloroplasty as a par­
tial safeguard against postgastrectomy 
symptoms. Any complication of the ulcer 
itself should of course be dealt with on its 
own merits.
Su m m a r y
The Zollinger-Ellison syndrome has been 
described from an historical and a clinical 
aspect.
Five patients with non-insulin-producing 
islet cell tumours of the pancreas have 
been reviewed. Four of these were found 
to be examples of the Zollinger-Ellison 
syndrome. All of the patients were males; 
one, aged 83, was older than any previ­
ously reported; and all of the three living, 
62, 26 and 19 months after operation, had 
a pathological diagnosis of islet cell carci­
noma. This endocrine tumour shorn of its 
severe physiological side effects is very well 
tolerated by the host.
The management of a patient found to 
have an ulcerogenic tumour at operation is 
reviewed.
We wish to thank Mr. Arthur Smialowski for 
the preparation of the photographs and the line 
drawings.
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R esume
Depuis 1931 on trouve dans la litterature me- 
dicale plusieurs allusions a une relation possible 
entre certaines tumeurs pancreatiques et l’exis- 
tence d’ulceres peptiques duodenaux. De nos jours, 
le nombre de cas de ce genre se monte a environ 
une centaine. Les tumeurs pancreatiques naissant 
des dots de Langerhans, mais non productrices 
d’insuline peuvent se rencontrer sous trois types 
cliniques principaux: (1 ) le syndrome de Zollin­
ger-Ellison est le plus frequent; ses principaux 
constituants sont l’hypersecretion et l’hyperacidite 
gastrique, et la presence d’une ulceration grave et 
atypique du tractus gastro-intestinal superieur. La 
tumeur elle-meme peut etre maligne ou benigne;
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(2 ) un syndrome de diarrhee chronique accom- 
pagne d’un ulcus est plus rare; chez ces malades, 
la diarrhee peut etre suffisamment grave pour en- 
trainer la mort par deshydratation; (3 ) la tumeur 
pancreatique et les troubles qui l’accompagnent 
est une partie d’un syndrome generalise d’ade- 
nomatose endocrinienne. Les auteurs apportent ici 
cinq histoires de cas de malades porteurs de tu- 
meurs du pancreas endocrines non productrices 
d’insuline. Quatre de ces cas appartiennent au 
syndrome de Zollinger-Ellison. Tous les patients 
etaient des hommes et l’un d’eux, age de 83 ans, 
est le cas le plus age decrit dans la litterature. 
Trois etaient atteints de tumeur maligne; a ce
sujet il faut noter que les tumeurs endocrines 
pancreatiques, productrices d’insuline ou non, ne 
peuvent pas etre cataloguees quant a la malignite 
sur la seule base de l’histologie, mais sur la cons- 
tatation de metastases dans les ganglions lym- 
phatiques de la region. Le traitement est 
uniquement chirurgical; les modalites en sont 
evidemment tres diverses selon le cas, selon la 
localisation de la lesion, selon son degre de ma­
lignite et aussi selon que le malade a subi des 
interventions anterieures ou non. D ’une fagon ge­
nerate on peut dire que lorsque la tumeur est 
resequable et si elle est enlevee, les troubles dis- 
paraissent.
HERNIATION THROUGH CONGENITAL DIAPHRAGMATIC DEFECTS
IN ADULTS®
J. T. MacDOUGALL, M.D., F .R .C .S.(Ed.), F.R.C.S.jC], F.A.C.S.,
A. C. ABBOTT, M.D., F .R .C .S.(Ed.), F.R.C.S.[C], F.A.C.S. and 
T. K. GOODHAND, M.D., F.R.C.S.fC], Winnipeg, Man.
Congenital diaphragmatic defects in 
adults, in contrast to similar lesions in the 
newborn and in children, are rarely re­
ported in the surgical literature.
A recent review by Kirkland1 of con­
genital posterolateral defects of the dia­
phragm in adults lists 39 cases in the 
surgical literature. Confusion in terminology 
and lack of knowledge regarding the em­
bryology of the diaphragm have con­
tributed to difficulty in understanding and 
treating these lesions in adults. The articles 
of Keith,2 Dunhill3 and Wells4 have, at 
intervals, put forth current views regarding 
the development of the diaphragm. Wells’ 
article should be read in detail by any 
surgeon interested in this problem. He re­
gards the primitive diaphragm as a single 
structure with five hiatuses and with well- 
blended regional subdivisions. Three hia­
tuses are permanent ( caval, esophageal and 
aortic), and two are temporary (right and 
left pleuroperitoneal canals). The pleuro­
peritoneal membranes develop into small 
segments of the pars costalis. In estimating 
the approximate location of these segments, 
the triangular ligaments of the liver are 
useful landmarks. He concludes that the
"Department of Surgery, University of Manitoba, 
and The Abbott Clinic, Winnipeg, Man.
pleuroperitoneal and pleuropericardial 
canals are crowded out of existence by the 
growth of the subjacent organs, and that 
pleuroperitoneal hiatus hernia and the so- 
called “congenital absence” hernia ( absence 
of the dorsolateral segment of the dia­
phragm) are two grades of the same con­
genital anomaly; namely, abnormal per­
sistence of the pleuroperitoneal hiatus. He 
emphasizes the fact that Bochdalek in 1848 
described the lumbocostal triangles, and 
that these do not represent the sites of the 
embryonic pleuroperitoneal canals. He 
agrees with the statement of Broman that 
the right pneumatoenteric recess becomes 
pinched off at the level of the cardia, and 
that the newly formed supradiaphragmatic 
sac persists as the infracardiac bursa, while 
the remaining infradiaphragmatic recess is 
the true superior recess of the omental 
bursa. If division of the right pneumato­
enteric process fails to occur, a defect in 
the diaphragm results through which 
herniation may occur. A left pneumato­
enteric recess appears and then promptly 
disappears.
As a result of Wells’ work, the congenital 
basis for herniation through the diaphragm 
becomes clear. The anatomical relation­
ships of the defect and the structures which 
herniate through it, and the possible com-
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Fig. 1.—Artist’s drawing of the superior surface 
of the diaphragm, showing the defect resulting 
from a persistent right pneumatoenteric recess, and 
the course and relations of a hernia occurring 
through this defect. The position of the mem­
branous defect in the left diaphragm resulting 
from incomplete closure of the pleuroperitoneal 
canal, and its relation to the left triangular liga­
ment of the liver is shown. Herniation through 
this defect occurs as the result of trauma or of 
gradual increase in intra-abdominal pressure.
plications of these hernias are rationally 
explained, and a basis for treatment is 
soundly laid.
Cessation of closure of the pleuro­
peritoneal canal at an early stage of de­
velopment results in a large defect which 
extends medially almost as far as the eso­
phageal hiatus. This constitutes the basis for 
the congenital absence type of hernia which 
is seen in infants at birth, is characterized 
by severe cardiorespiratory difficulty and is 
associated with a high mortality if not re­
paired soon after birth. These hernias are 
not within the scope of this article.
Congenital diaphragmatic hernias in 
adults occur: (1 ) In the lateral portion of 
the diaphragm owing to failure of closure 
of the pleuroperitoneal canal. (2) As a mas­
sive herniation owing to failure of muscu- 
larization and consequent eventration of 
the left diaphragm. (3 ) To the right of the 
midline posteriorly owing to a persistent 
right pneumatoenteric recess. (4) An­
teriorly through the foramen of Morgagni.
Fig. 1 illustrates the sites of herniation 
through the defects described above. 
Herniation through the foramen of 
Morgagni will not be considered in this 
presentation.
Symptoms and signs of diaphragmatic 
hernias in adults are predominantly gastro­
intestinal, but they may be confused with 
myocardial ischemia. One may be misled 
by the radiograph, which may show what 
appears to be cystic disease of the lung, 
pneumothorax or hydropneumothorax. On 
standing erect, gravity may reduce the 
hernia and it may therefore not be apparent 
on radiological examination. Barium meal 
and barium enema are indispensable in 
diagnosis. These patients do not have re­
flux, unless the diaphragmatic hernia is 
associated with sliding hiatus hernia, and 
do not complain of heartburn. The cardia 
remains fixed in its normal position.
Symptoms arise as a consequence of 
complications occurring in these hernias in 
exactly the same fashion as in hernias else­
where, and consist of irreducibility, ob­
struction and strangulation. Volvulus of the 
contained viscera may give rise to partial 
or complete obstruction. Strangulation of 
viscera may occur owing to volvulus or to 
pressure of the unyielding edge of the de­
fect on the contained viscera. Ulceration of 
the viscera in the sac, with bleeding, pene­
tration and perforation may occur. Neo­
plasm of the contained viscera may also 
occur.
The mechanism of volvulus is identical in 
all these hernias.5 As the cardia and pylorus 
are fixed with a short base between them, 
the long mobile greater curvature turns 
upwards through 180° with the omentum 
and transverse colon, which precede it. 
Small bowel may also be contained in the 
sac and is subject to constriction and ob­
struction with subsequent strangulation.
Fig. 2 illustrates the path of the viscera 
in herniation through a persistent pneu­
matoenteric recess. Where the defect lies 
at the site of the left pleuroperitoneal canal, 
a similar mechanism operates.
I. D ia p h r a g m a t ic  H ern ia  R esu ltin g
f r o m  I n c o m p l e t e  C losure o f
P le u r o p e r ito n e a l  C anals
In adults, herniation occurs in the lateral 
portion of the diaphragm on the basis of a 
partial failure of closure of the pleuro­
peritoneal canal. Such a defect may exist 
without actual herniation and produce no
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Fig. 2.—Artist’s drawing of a coronal section 
to show the mechanism of herniation of the greater 
omentum, transverse colon and greater curvature 
of stomach through a persistent right pneumato- 
enteric recess. This shows clearly how volvulus of 
the stomach is produced. The same mechanism is 
involved in herniation through the incompletely 
closed left pleuroperitoneal canal, and in instances 
of eventration of the left diaphragm without actual 
herniation through the diaphragm.
symptoms, but may be noted on radio­
logical examination, or be seen at thoraco­
tomy carried out for some other reason.
C a s e  R epo rts
C ase 1.— This patient, an obese woman of 
56 years of age, failed to respond to con­
servative medical treatment of reflux eso­
phagitis. A sliding hiatus hernia was demon­
strated by barium meal and by esophagoscopy. 
Operative repair of this sliding hiatus hernia 
was undertaken using the Allison procedure, in 
the course of which a defect was noticed in the 
lateral portion of the diaphragm consisting of 
a circular area approximately 2" in diameter 
in the lateral leaf. The margin of the area was 
formed by a thick rim of muscle. The defect 
was closed by a firm fascia-like membrane. A 
portion of the fundus of the stomach and the 
spleen were protruding into the chest (Fig 3). 
The membrane was plicated with silk and the 
margins of the defect were approximated. This 
patient has been followed-up for the past six 
years. She has had no recurrence of her hiatus 
hernia, and no herniation through the mem­
branous defect.
C ase 2.— Shortly after operation upon the 
patient in Case 1, an elderly lady of 72 years 
of age was seen in consultation, complaining of
Fig. 3.—Case 1. Herniation of a portion of the 
fundus of the stomach through the defect resulting 
from incomplete closure of the left pleuroperi­
toneal canal.
indigestion characterized by fullness in the left 
chest which prevented her from finishing her 
meals. This was associated with moderately 
distressing pain. She did not vomit and had no 
heartburn or reflux. Barium series showed the 
cardia to be in its normal position. A portion 
of the fundus and greater curvature of the 
stomach were seen above the diaphragm, 
passing through a defect which was sufficiently 
narrow to constrict the stomach and produce 
an hour-glass appearance (Figs. 4 and 5 ) . On 
fluoroscopy, barium passed readily into the 
supradiaphragmatic stomach and very slowly 
drained out. As the herniated portion of the 
stomach emptied, relief of the fullness and of 
the pain in the left chest occurred. She was 
operated upon through a left thoracotomy in­
cision. A defect was found at exactly the same 
site as that seen in the first patient. The 
herniated portion of the greater curvature 
of the stomach protruded through the defect 
and was covered by pleura. The margin of 
the defect was thick strong muscle, which did 
not yield to digital traction. The diaphragmatic 
movements were normal. The hernia was re­
duced and the edges of the defect were 
cleaned and approximated with interrupted 
silk sutures. She made an uneventful conva­
lescence and has had no recurrence.
304 CANADIAN JOURNAL OF SURGERY Vol. 6
Fig. 4 Fig. 5
Figs. 4 and 3.—Case 2. Anteroposterior and lateral views of barium swallow show the normal 
position of the cardia and pylorus and the hour-glass constriction of the herniated stomach.
C ase 3.— This man was 39 years of age 
when first seen; his case demonstrates the 
serious complications of congenital diaphrag­
matic hernia. We believe this patient illustrates 
the importance of trauma in a person with a 
diaphragmatic defect similar to that described 
in the first two cases.6 On enlistment in the 
Canadian Army, his chest film showed a
normal left diaphragm, and he had no com­
plaints. He was involved in a jeep accident in 
1943, in which he was thrown from the 
vehicle and struck in the abdomen. After 
release from hospital, he complained of in­
digestion and pain in the left chest, aggravated 
by meals and by exertion. A diaphragmatic 
hernia was diagnosed and demonstrated by
Fig. 6 Fig. 7 Fig. 8
Figs. 6, 7 and 8.—Case 3. Barium examinations demonstrate the defect in the left diaphragm 
and the normal position of the cardia.
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Fig. 9 Fig. 10
Figs. 9 and 10.—Case 3. The condition existing when the patient was admitted with acute 
symptoms. Fig. 10 is the film obtained after aspiration of 1200 c.c. of acid fluid.
barium meal (Figs. 6, 7 and 8). He was treated 
conservatively, and had no major difficulty 
until August 1957, when he complained of 
severe chest pain and moderately severe 
dyspnea following a large evening meal. He 
was suspected of having a coronary occlusion 
and was admitted to hospital. On examination 
he was slightly cyanosed, orthopneic and 
sweating, and had a rapid but regular pulse. 
His blood pressure was not abnormally low, 
and he was alert and rational. The movements 
of his left chest were restricted and breath 
sounds were absent over the whole of the left 
chest. There was tenderness in the epigastrium, 
with splinting on deep palpation. Bowel sounds 
were absent. Chest radiograph showed the 
picture of a hydropneumothorax (Fig. 9). The 
question of a possible esophageal rupture was 
raised. A Levin tube could not be passed be­
yond the cardia and no fluid was obtained on 
aspirating it. The left chest was aspirated and 
1200 c.c. of slightly turbid fluid with a marked 
acid reaction was removed. The chest film 
was repeated (Fig. 10) and showed some 
decrease in the height of the fluid level. The 
patient had not vomited at any time, although 
he felt nauseated and attempted to vomit with 
no result. He was operated upon approximately 
14 hours after the onset of his illness. On 
opening the left chest, the left lung was found 
to be collapsed owing to the pressure of a 
hugely distended stomach which filled the 
whole of the left thorax. There was no free
fluid in the pleural cavity. The defect in the 
left diaphragm, through which the stomach- 
had herniated, was in the same position as that 
described in the first two patients and was 
approximately 2V2" in diameter, with a firm 
unyielding edge. Also protruding through the 
defect, anterior to the herniated stomach, was 
a loop of jejunum approximately 3" in length 
and dark purple in colour. The stomach was 
aspirated with a trocar and mechanical suction; 
4000 c.c. of fluid were removed. The fluid 
was similar to that which was aspirated from 
the left chest preoperatively. It was then 
possible to define the edges of the 
defect and to divide the ring anteriorly. The 
jejunum was freed and after a period of 
observation was considered to be viable. The 
stab wound in the stomach was closed and the 
stomach returned to the abdomen. The Levin 
tube in the esophagus was passed down into 
the stomach and continuous suction was main­
tained. The defect in the diaphragm was closed 
with interrupted silk. The patient made an 
uneventful recovery and his diaphragm re­
mains intact (Fig. 11). One year after his 
operation, he appeared with an abscess in his 
operative scar which arose from the under 
surface of the diaphragm. This required drain­
age and finally exploration, removal of silk 
sutures and resection of a portion of the left 
ninth rib around which the sinus from the 
abscess had tracked to the surface.
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Fig. 11.—Case 3. The appearance of the stomach 
on barium examination a few days after operation. 
Partial volvulus still exists and a partial constric­
tion of the body of the stomach is seen, which 
was taken to demonstrate the site of previous 
pressure. This area later disappeared and the 
stomach resumed its normal position.
We believe that this defect, a result of 
incomplete closure of the left pleuro­
peritoneal canal, may be relatively common 
and may cause no symptoms in itself. How­
ever, it is a point of weakness and in the 
presence of obesity, trauma or pregnancy 
may become the site of herniation of ab­
dominal viscera through the diaphragm. 
The medial edge of the defect was 
separated from the esophageal hiatus by 
functioning muscle in our cases and has no 
immediate relation to it. Consequently, the 
cardia remains fixed. Hiatus hernia of the 
sliding variety may co-exist with the lateral 
defect, as in our Case 1. In the absence of 
hiatus hernia, these patients do not com­
plain of heartburn or reflux. The edge of 
the defect is firm and unyielding, and in­
creases the likelihood of strangulation or 
obstruction in the herniated viscera.
Symptoms are based on the presence of 
partial or complete volvulus of the stomach, 
or herniation with partial sequestration of 
the stomach in the chest. The patient begins 
his meal, but shortly afterwards feels full, 
has some degree of left chest pain and is 
forced to stop eating. If he waits a few
Fig. 12.—The appearance seen in herniation of 
the stomach through an incisional hernia in the 
left diaphragm. Symptoms were those of partial 
obstruction in the stomach.
minutes or changes his position and stands 
up, he will notice a gurgling sensation in 
the left chest accompanied by relief from 
fullness and pain. He may then proceed 
with a further portion of his meal until he 
is once more forced to stop. Shortness of 
breath on exertion may also occur. Exactly 
the same symptoms, based on the same 
mechanism, may be seen in postoperative 
herniation through the diaphragmatic in­
cision made during an Allison repair (Fig. 
1 2 ) .
In the presence of acute volvulus of the 
stomach, a myocardial infarction may be 
suspected and the presence of strangulated 
or obstructed small bowel in the hernia may 
add further to the confusion. In such pa­
tients, the inability to pass a Levin tube into 
the stomach is a most important finding 
and should lead to the correct diagnosis. 
A radiograph of the chest and barium 
studies in less acutely ill patients will 
reveal the true state of affairs.
These hernias are repaired in the same 
fashion as hernias elsewhere by removing 
the sac, if one can be defined, and repairing 
the defect. The innervation of the dia­
phragm appears to be normal. If it is not 
possible to approximate the edges of the 
defect with sutures, it may be closed with a 
prosthesis of tantalum gauze or Teflon 
mesh. When the basic defect is found in-
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cidently at thoracotomy, it should be re­
paired in an effort to prevent the possibility 
of later herniation and subsequent com pli­
cations.
II. D iaphragmatic H ernia as a
Result of Failure of M uscularization
of the Left D iaphragm
Eventration of the diaphragm resulting 
from some degree of failure of musculari­
zation may act in exactly the same way as 
a partial defect in an otherwise functioning 
diaphragm. The danger o f strangulation is 
less, if it is present at all, but volvulus of 
the stomach is quite possible and may 
produce indigestion with gastric obstruc­
tion of varying severity. Raised intra- 
abdominal pressure will increase the degree 
of elevation of the diaphragm and therefore 
increase the possibility o f volvulus of the 
stomach. Obesity and physical exertion are 
probably the two most important factors in 
aggravating eventration of the diaphragm 
in males. In females, pregnancy must be 
considered in addition to the two factors 
above. Conservative treatment, consisting 
of reduction in weight, avoidance of strenu­
ous lifting and avoidance of pregnancy, 
may be of value in diminishing the degree 
of elevation of the diaphragm and therefore 
decreasing the risk of volvulus of the 
stomach. If the defect is sufficiently ex­
tensive or if conservative measures have 
failed, operative treatment may be very ef­
fective. The following two cases illustrate 
this condition. The second case demon­
strates the difficulties presented by the 
obese patient who will not reduce his 
weight.
Case 4.— This 44-year-old man presented 
with symptoms of indigestion for a period of 
13 months. In February 1959, he began to 
complain of epigastric distress after meals. 
This consisted of a gassy feeling, with pain 
radiating to the left axilla. He found that by 
reducing the bulk of his meals some relief was 
obtained. His appetite was excellent. Barium 
series showed an elevated left diaphragm, with 
organoaxial volvulus of the stomach (Fig. 13). 
On May 10, 1960, the left chest was opened 
through the eighth interspace. The diaphragm 
was largely membranous with posterior and 
lateral muscular components present. The dia-
Fig. 13.—Case 4. The appearance seen in 
eventration of the diaphragm. There is 180° 
volvulus of the stomach, and the effect is similar 
to that seen in Cases 2, 3 and 4. The diaphragm 
consisted of a fascia-like sheet, except for some 
muscularization at the periphery.
Fig. 14.—Case 4. The effect on the stomach 
produced by plication and lowering of the dia­
phragm, and reinforcement with Teflon mesh.
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phragm reached the level of the hilus of the 
left lung. Dense adhesions of the left lower 
lobe of the lung to the diaphragm were dis­
sected off. The membranous diaphragm was 
plicated with interrupted silk sutures to its 
normal level and a sheet of Teflon mesh was 
sutured over the diaphragm. The mesh was 
sutured to the chest wall, following the eosto- 
phrenic sulcus, and medially was sutured to 
the right crus of the diaphragm and to the 
diaphragm at the edge of the pericardium. 
This patient’s convalescence was uneventful, 
and he has no digestive complaints now. His 
radiographs show the condition before and 
after operation and illustrate how eventration 
of the diaphragm acts in the same manner as 
a hernia through an actual defect in the dia­
phragm. Volvulus of the stomach is shown, 
and its correction by lowering the level of the 
diaphragm is apparent (Fig. 14).
C a se  5.— This extremely obese 36-year-old 
man complained of indigestion characterized 
by epigastric pain, felt more on the left side, 
accompanied by gas and occurring after meals. 
His weight varied from 275 to 202 lb. Weight 
reduction programs were quite ineffective in 
producing any significant loss, although it was 
felt that the reduction of his weight would 
lower intra-abdominal pressure and in this 
way decrease the elevation of his left dia­
phragm, which reached to the level of the third 
left rib. Barium examination showed the eso­
phageal hiatus to be fixed in its normal posi­
tion, while the duodenal cap was retracted up­
wards and lay to the left of the midline at the 
level of the twelfth dorsal vertebra. There was 
almost no alleviation of his symptoms with 
conservative treatment. On February 23, 1959, 
a left thoracotomy was performed through the 
eighth interspace. The diaphragm was found 
to be membranous throughout; it was plicated 
with interrupted silk sutures and lowered ap­
proximately to its normal level. The patient 
made an uneventful recovery, losing 20 lb. in 
weight in the process. He continued to feel 
well, in spite of failure to maintain his loss of 
weight, until April 1960, when he complained 
of further indigestion. On barium examination 
of the stomach and duodenum, the diaphragm 
was seen to have returned almost to its pre­
operative level with a similar partial volvulus 
of the stomach. On April 26, 1960, he was 
operated upon again and the sutures were 
found to be intact, but the non-muscularized 
portion of the diaphragm had apparently 
stretched. The diaphragm was again plicated 
with silk sutures, and a 6" x 8" sheet of Teflon
mesh was then sutured in place over the dome 
of the whole of the left diaphragm. His con­
valescence was complicated by a severe wound 
infection which delayed his recovery. In Feb­
ruary 1961 his weight was 271 lb. and he had 
no distress unless he shovelled, or strained his 
abdominal muscles. In September 1961, he 
complained of an occasional cramp in his 
upper abdomen which lasted a minute or more 
and was felt below the costal margin in the 
anterior axillary line on the left side. A radio­
graph of the chest showed elevation of the 
left dome of the diaphragm to about 1" 
higher than that of the right, with some tor­
sion of the stomach on its transverse axis.
Case 4 illustrates the classical picture of 
this condition, and the good result obtained 
by lowering the level of the diaphragm to 
approximately its normal position. This does 
not result in a functioning diaphragm, but 
prevents volvulus of the stomach by the 
elimination of a superior recess into which 
the omentum and transverse colon can 
migrate, taking the greater curvature of the 
stomach with them. I t  also results in in­
creased capacity of the le ft hemithorax, and 
to this extent should improve pulmonary 
ventilation.
The second case (C ase 5 )  demonstrates 
the point that sim ple plication of the 
eventrated diaphragm with non-absorbable 
sutures is insufficient to maintain replace­
ment of this fibrous structure at its plicated 
level, especially in the presence of increas­
ing obesity or of failure to reduce weight. 
It  should not be surprising that the fibrous 
structure stretches following plication and 
slowly returns to its previous elevated posi­
tion, allowing a recurrence of the previous 
symptoms. Consequently, we believe that in 
addition to the plication of the diaphragm 
some method of reinforcem ent is needed to 
maintain it at an approximately normal 
level. T he use of Teflon  mesh or tantalum 
gauze sutured to the rib cage in the costo- 
phrenic sulcus, and fixed to the plicated 
diaphragm by interrupted sutures would ap­
pear to be the most satisfactory method of 
ensuring that the diaphragm remains at the 
desired level. Such reinforcem ent does not 
involve the esophagus, or interfere with the 
esophageal hiatus.
The use of a temporary gastrostomy as a
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means of fixation of the greater curvature 
might be useful in order to avoid opening 
the chest and carrying out a long and rather 
tedious task. We have had no experience 
with this expedient, but its use in an other­
wise fit patient would appear to be an 
inadequate solution of the problem.
It should be noted that this condition 
may follow left phrenic paralysis, and is an 
excellent argument against its use in treat­
ing sliding hiatus hernia.
III. D ia ph ra g m a tic  H ern ia s O ccurring
T hrough  a  P er sisten t  R ight
P n eu m a to en ter ic  R ecess
This is the hernia commonly described as 
paraesophageal.7 It is a true congenital 
hernia occurring in a preformed sac. The 
basis of its development rests on a failure 
of obliteration of the right pneumatoenteric 
recess. In the 14 mm. embryo, this recess 
extends upwards in the posterior mediasti­
num to the level of the right lung bud and 
is continuous with the recess which ulti­
mately forms the lesser sac. If this recess 
fails to disappear, a cavity lined with peri­
toneum remains to the right of the eso­
phagus, behind the liver and extending into 
the posterior mediastinum (Fig. 2). As in 
all congenital defects, the size and degree 
are subject to wide variation. Consequently, 
the right crus may be present and intact, or 
may be represented only by a strand of 
tissue. The important anatomical feature is 
that the esophagus remains fixed in its 
proper position and consequently reflux 
esophagitis does not occur. As the hernia 
enlarges owing to increase in intra-abdomi­
nal pressure, the sac passes upwards and to 
the right, tending to invade the right 
hemithorax.
The contents of the sac are stomach, 
omentum and transverse colon. As the 
esophagus and pyloric end of the stomach 
remain fixed and the greater curvature is 
relatively long and mobile, volvulus of the 
stomach of the organoaxial type occurs. 
Adhesions of omentum to the edges of the 
defect and to the sac are common, and tend 
to fix the contents within the sac. The edges 
of the defect are not as hard and unyielding 
as the edges of the defect seen in the lateral 
diaphragmatic hernias.
Symptoms vary widely and may be non­
existent, the individual having no knowl­
edge of his herniation until the situation 
becomes acute. The mechanism at the 
cardia is intact and patients do not have 
reflux or esophagitis unless the hernia is 
associated with a sliding one also.
More commonly, symptoms arise owing 
to the presence of a mass behind the heart, 
giving rise to substernal pain and 
arrhythmias, most marked after ingestion 
of a large meal and soft drinks, and follow­
ing exertion. These persons are often sus­
pected of having coronary disease or angina 
of effort. The pressure of the distended sac 
on the esophagus as it passes over the sac 
in the posterior mediastinum may give rise 
to occasional dysphagia. Acute symptoms 
may arise from strangulation or obstruc­
tion of the contained viscera. Rleeding and 
secondary anemia, as well as the occur­
rence of gastric ulcer or neoplasm, may also 
give rise to symptoms. Ulcer and neoplasm 
may be difficult to demonstrate radiologi- 
cally owing to the organoaxial rotation of 
the stomach and so may cause consider­
able difficulty in diagnosis.
Diagnosis of this group may be made as 
a result of an awareness of its existence and 
the taking of routine posteroanterior and 
lateral views of the chest. It may be further 
confirmed by barium studies that show the 
contained viscera and their relative posi­
tions.
Treatment consists of removing the sac 
and repairing the defect, as in hernia repair 
anywhere else. Either the abdominal or the 
thoracic route may be used. Our preference 
is for a thoracic approach since dense ad­
hesions may be difficult to divide from be­
low, and the mass of the liver makes this 
maneuver, as well as subsequent repair, 
more difficult.
It might be thought that a right thor­
acotomy would be the best method of ap­
proach since the sac extends upwards and 
to the right, but this is not so. A left thor­
acotomy gives a much better exposure of 
the margins of the defect, and allows easy 
and clear definition of the important struc­
tures in the area—the esophagus, aorta and 
medial limb of the right crus.
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Figs. 15 and 18.—Case 6. Herniation of the transverse colon through a persistent right pneu- 
matoenteric recess, and the beginning of volvulus of the stomach.
The defect may be closed with non­
absorbable sutures or fascia, or by means of 
a prosthesis. Once this is done, we do not 
think it necessary to carry out any further 
fixation of the stomach or colon.
The onset of obstruction may be diag­
nosed by the presence of acute epigastric 
or substernal pain radiating through to the 
back, shock of varying degree and in­
effectual constant retching. There is no 
evidence of peritoneal irritation; ingested 
food is returned unaltered, and an intra- 
gastric tube cannot be passed. Obstruction 
may be precipitated by heavy lifting, the 
rapid ingestion of a large meal and effer­
vescent drinks, or trauma. These patients 
are surgical emergencies and should be 
dealt with as such by rapid resuscitation 
and operation.
C ase 6.— An obese but muscular man, aged 
55 years, complained of indigestion and con­
stipation of 10 years’ duration. Figs. 15 and 16 
illustrate the presence of the transverse colon 
in the hernial sac with 180° volvulus, and the 
beginning of volvulus of the stomach. This 
hernia was operated upon through the right 
chest, in error as we now believe, and the 
defect repaired with interrupted silk mattress 
sutures. It was difficult to define the margins 
of the defect on its left side, although the 
large sac and its contents of omentum and 
transverse colon were easily dealt with. His 
repair has remained intact and he has had
no symptoms of constipation. His obesity has 
not decreased and this, in addition to his 
emphysema with obstructive bronchitis, would 
appear to constitute a rigid test of his repair.
C ase 7.— This woman, aged 55 years, had 
a hysterectomy in September 1953 for fibroid 
disease of the uterus. At that time a large dia­
phragmatic hernia was noted (Fig. 17). In 
November 1954, she had definite symptoms 
from the diaphragmatic hernia, consisting of 
crampy pain, which wakened her during the 
night, and fullness during meals. Radiological 
examination of the stomach and duodenum 
showed that the lower end of the esophagus 
was normally placed (Fig. 18). The fundus 
of the stomach lay above the left diaphragm 
and the body extended across the midline. 
The pyloric portion appeared to project 
through a hiatus in the diaphragm with the 
duodenal cap lying immediately below the 
right diaphragm about 2" to the right of the 
midline.
She was operated upon in May 1956 through 
the bed of the left eighth rib. There were ad­
hesions over the whole of the surface of the 
left lung, which were divided without diffi­
culty. A defect, approximately 2 "  in diameter, 
was found just to the right of the esophagus 
through which great omentum and the greater 
curvature of the stomach protruded into the 
hernial sac. The right limb of the right crus 
of the diaphragm was intact and easily defined. 
The hernia was reduced, the sac removed and 
the defect closed with interrupted silk sutures 
without difficulty. Her convalescence was un-
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Fig. 17 Fig. 18
Figs. 17 and 18.—The outline of the large hernial sac, and an excellent example of volvulus 
of the stomach in a patient with herniation through a persistent right pneumatoenteric recess. The 
cardia and pylorus are in normal position.
Figs. 19 and 20.—Case 7. The presence of epiphrenic and pharyngeal diverticula. The dia­
phragmatic hernia has been repaired.
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Fig. 21.—Case 8. The presence of a fluid-contain­
ing viscus in the posterior mediastinum (1956).
eventful. She remained well for the next five 
months, when she began to complain of symp­
toms of pain after eating; the pain was felt 
deep to the lower end of the sternum and 
radiated through to the back. She also had 
some pain on swallowing, which was felt in 
the neck and relieved by pressure on the left 
neck. It appeared obvious that her epiphrenic 
diverticulum (Fig. 19) and also her pharyngeal 
diverticulum (Fig. 20) were interfering with 
the mechanics of swallowing. Since her most 
severe symptoms occurred in relation to the 
epiphrenic diverticulum, it was resected 
through a left thoracotomy incision. She did 
not wish to have the pharyngeal pouch dealt 
with during this admission, and she still has 
considerable difficulty because food lodges in 
the pouch. The remainder of her symptoms 
have not recurred.
It is interesting to note that the volvulus 
of the stomach through 180° produced 
some degree o f obstruction, and that its 
presence was associated with two pulsion 
diverticula. Its correction did not interrupt 
the progress o f symptoms associated with 
these two diverticula. Intraluminal pres­
sure and motility studies would have been 
of the greatest interest here but unfortun­
ately these facilities were not available at 
that time.
C ase 8.— This 57-year-old man was seen 
in consultation. He had had symptoms of 
indigestion and substernal pain for many years, 
and was known to have gallstones as well as a 
diaphragmatic hernia. When seen in hospital 
he was intensely jaundiced and gave a history 
typical of repeated biliary colic, as well as 
chronic indigestion characterized by epigas­
tric fullness and bloating after meals accom­
panied by substernal pain. At times the pain 
was very severe but appeared related to the 
bulk of the meal taken and not to exertion. 
Barium series revealed a hernia through a 
persistent right pneumatoenteric recess, with 
volvulus of the stomach (Fig. 21). The labora­
tory findings supported the diagnosis of ob­
structive jaundice. His electrocardiogram and 
cardiac function were normal. He was oper­
ated upon on September 10, 1956, and a gall­
bladder filled with stones was removed. His 
common duct was explored and cleared of 
stones and a T-tube was left in place. The 
diaphragmatic defect was seen and felt, but 
in view of the patient’s strict admonition to 
deal with only one thing at a time, no inter­
ference was carried out.
He made an uneventful convalescence and 
was not seen again until 1959, when he ap­
peared demanding immediate repair of his
Fig. 22.—Case 8. The presence of a large hernia 
sac in the posterior mediastinum, and the presence 
of a large gastric ulcer on the lesser curvature of 
the stomach (1959).
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diaphragmatic hernia. Over the intervening 
years, from October 1956 until October 1959, 
his postprandial indigestion had become worse. 
Pain in the epigastrium and in the lower sub- 
sternal region had become a more prominent 
feature, until he could only consume milk and 
puree foods. This diet, plus antacids of all 
varieties, eventually failed to control his symp­
toms. Pain and the restrictions placed upon his 
appetite and activities, plus the fear of cancer, 
caused this demand for urgent intervention.
Barium series disclosed an increase in the 
size of the hernia in the past four years and 
the presence of a large gastric ulcer crater 
(Fig. 22 ). The remainder of his investigation 
was not abnormal for his age, and he was 
operated upon through the left chest. A local 
resection of a large gastric ulcer was perform­
ed, and the defect in the diaphragm closed 
with interrupted silk sutures. The gastric ulcer 
was reported as being benign. His clinical 
course to date has been very satisfactory.
This patient illustrates the gradual pro­
gression in size of the hernia, as well as the 
occurrence of a demonstrable gastric ulcer 
in the herniated stomach. The change in 
symptomatology from fullness and bloating 
after meals with the gradual onset of pain, 
at first relieved by diet and antacids, to 
almost continual epigastric pain accom­
panied by loss of weight and emotional 
depression, made it easy to suspect the 
occurrence of ulcer or neoplasm in the her­
niated stomach. We were fortunate in hav­
ing definite confirmation by barium exami­
nation.
The occurrence of neoplasm or ulcer 
within the herniated viscera may be diffi­
cult to demonstrate radiologically, and the 
sudden occurrence of massive hemorrhage 
from a silent or undemonstrated peptic 
ulcer or neoplasm may be the first indica­
tion of a serious complication. We have had 
one such instance in an elderly man ( Case 
9 ) whose symptoms closely paralleled those 
of the patient in Case 8.
Case 9.— It was known that this 68-year-old 
man had had a diaphragmatic hernia for sev­
eral years and that he had been treated symp­
tomatically for indigestion. Attempts had been 
made to demonstrate a lesion of the stomach 
or duodenum without success. His history sug­
gested the presence of a peptic ulcer. He was 
first seen by the authors after an emergency
admission to hospital following a profuse 
gastrointestinal hemorrhage, characterized by 
gross hematemesis and melena. After his re­
covery from this massive gastric hemorrhage, 
he was operated upon and a large benign 
ulcer of the lesser curvature of the stomach 
was resected. The diaphragmatic hernia was 
repaired. He has had an uneventful course for 
the past six years.
Case 10.— That herniation through a per­
sistent pneumatoenteric recess may exist for 
some years without causing severe distress or 
without becoming complicated is demon­
strated by this patient, a frail 76-year-old lady, 
whose chest films, taken on admission to a 
medical service with the diagnosis of pneu­
monia, are shown in Figs. 23 and 2A The 
large hernial sac, extending into both right and 
left chest cavities and lying in the posterior 
mediastinum, extending upwards behind the 
pericardium, is typical. On questioning, she 
admitted to indigestion for many years, which 
was usually relieved by diet and antacids and 
which had never become severe. When told 
that she had a hernia through her diaphragm, 
she stated that she had been informed of this 
before and that she was quite happy to retain 
it as it caused her very little disability. In 
view of her age and frailty it was felt that this 
was a wise decision on her part, and operation 
was not recommended, although she was ad­
vised to return at once if she had any severe 
symptoms.
One must also be alert to the fact that 
such a hernia may exist and not be the 
cause of symptoms or signs. This is espe­
cially important following traffic accidents, 
when an alert resident finds bowel sounds 
present in the left chest of a patient brought 
in after being struck by a car.
Case 11.— This man, when first seen in 
1952 after an accident in which he was knock­
ed down by a car, had pain in the left chest 
and was mildly shocked. On examination 
bowel sounds were heard in the left chest. 
Radiological examination showed the presence 
of a diaphragmatic eventration. He rapidly re­
covered and refused operative interference. 
Ten years later, in 1962, at the age of 74, he 
was again knocked down by a car, was mildly 
shocked and had pain in the left chest. He was 
admitted to hospital as an emergency and 
operative repair of the supposed ruptured 
diaphragm was advised as an urgent procedure. 
He refused operation, giving no reason. His
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Fig. 23 Fig. 24
Figs. 23 and 24.—Case 10. The characteristic appearance of herniation through a persistent 
right pneumatoenteric recess seen in chest films done for diagnosis of a pneumonic process.
reaction was hard to understand until his old 
hospital record brought to light the fact that 
he had had a diaphragmatic hernia for at 
least 10 years. The patient then admitted that 
he had had this hernia for many years and 
intended to keep it.
An important point in assessing such 
patients is that their chest symptoms are 
related to the thoracic cage, and that local 
signs can usually be found to explain the 
symptoms. Nevertheless, these patients 
should be watched carefully for evidence of 
gastric dilatation, small or large bowel ob­
struction and pleural effusion.
In contrast to the films of the patient in 
Case 11 (Fig. 25), the films of a traumatic
Fig. 25. (left)—Case 11. Eventration of the left 
diaphragm. Bowel sounds heard in the left chest 
on physical examination. Radiological appearance 
may lead to confusion with rupture of diaphragm 
owing to trauma if patient is seen immediately 
after an accident.
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Fig. 26.—Traumatic rupture of the left dia­
phragm owing to a severe crushing injury. Signs 
and symptoms are severe and are cardiorespiratory 
in nature.
avulsion of the diaphragm are shown in Fig. 
26. These patients are severely ill, with 
marked cardiorespiratory signs and symp­
toms. Thus they resemble the congenital 
absence hernia seen in the new-born, rather 
than the hernia through a congenital defect 
occurring in adults, where the symptoms 
and signs are predominantly gastrointesti­
nal.
Sum m ary
Eleven cases of herniation through con­
genital defects in the diaphragm occurring 
in adults are reported. The developmental 
defects through which herniation may occur 
are described. The importance of relatively 
small defects owing to incomplete pleuro­
peritoneal closure is stressed. These defects 
determine the site of diaphragmatic hernia 
precipitated by abdominal trauma, obesity 
or pregnancy. The firm edge of the defect 
makes the occurrence of complications more 
likely. The repair of the defect when found 
incidentally is advocated. The importance 
of complications in these hernias is em­
phasized. The mechanism of the occurrence 
of complications is described and the diag­
nosis discussed. Repair of all diaphragmatic 
hernias through congenital defects should 
be done when the diagnosis is made, unless 
definite contraindications exist. Care must 
be taken to avoid confusing these hernias 
with traumatic avulsion hernias following 
severe injury.
We are indebted to Dr. G. P. Fahmi for per­
mission to include Case 2, and to Dr. J. L. Downey 
for Case 8. The artistic skill and interest of Miss 
Nancy Joy in preparing Figs. I and 2, which so 
clearly illustrate the problem, are deeply ap­
preciated. Mr. L. Stanford, medical photographer 
at St. Boniface Hospital, is responsible for the ex­
cellent reproduction of the radiographs and of the 
artist’s original drawings.
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Resu m e
Les orifices diaphragmatiques anormaux d’origine 
congenitale sont rarement mentionnes chez 
l’adulte, a la difference de ce qui arrive chez le 
nouveau-ne ou le jeune enfant. Dans une etude 
recente de la litterature sur cette question, Kirk­
land a pu rassembler 39 cas ou existaient des 
orifices anormaux dans la region postero-laterale. 
Une bonne connaissance de l’embryologie est 
necessaire a la comprehension de ces anomalies. 
Les types de hemies rencontrees chez 1’adulte 
peuvent etre classees comme suit: a) hemies de la 
partie laterale du diaphragme due a un trouble 
lors de la fermeture du canal pleuroperitoneal; b ) 
evisceration massive provoquee par une absence 
de transformation musculaire du diaphragme 
gauche; c) hemie posterieure, a droite de la ligne 
mediane, due a la persistence du recessus pneu- 
matoenterique; d) hemie anterieure a travers le 
trou de Morgagni. La symptomatologie de ces 
affections est principalement gastro-intestinale, 
mais la confusion est possible avec des troubles 
ischemiques du myocarde. A la radiographie, il 
faudra faire le diagnostic differentiel d’avec les 
maladies kystiques du poumon, le pneumothorax
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ou l’hydro-pneumothorax. En position debout, le 
poids peut reduire la hernie, rendant celle-ci in­
visible; e’est pourquoi, l’examen radiologique devra 
toujours etre fait dans diverses positions et etre 
accompagne d’un repas baryte. Les complications 
possibles de ces hemies sont celles de n’importe 
cjuel autre type de hernie, a savoir: Firreductibilite, 
l’etranglement, l’occlusion. Les volvulus, l’ulcera­
tion des organes evisceres peuvent se rencontrer, 
de meme que Fapparition d’un neoplasme. L’orifice 
hemiaire peut etre parfois tres petit, ce qui aggrave 
les complications. Le traitement est uniquement 
chirurgical: l’orifice diaphragmatique existant doit 
etre ferine, a moins de contre-indicaRons absolues. 
Ces considerations sont illustrees par 11 histoires 
de cas.
THE LOCAL CONTROL OF CARCINOMA OF THE BREAST0
JAMES E. DEV1TT, M.D., C.M., M.Sc., F .R .C .S.(Ed.), F.R.C.S.JC], Ottawa, Out.
Two generations of surgeons1’ 2 have 
taught that radical mastectomy produces 
the best local control of mammary cancer. 
Yet little objective evidence has ever been 
advanced to support this concept.
Recently, all of the female patients 
reported to the Civic Hospital Division, 
Ottawa Clinic of the Ontario Cancer Foun­
dation, who had initial treatment for a car­
cinoma of the breast between 1946 and 
1956, were reviewed.3 The material was 
unique in that 227 of the patients had had 
conservative surgery while, concurrently, 
534 had radical mastectomy.
M a ter ial  and  M ethod
There appeared to be no prejudicial se­
lection of cases in the course of determin­
ing the treatment to be offered to the ‘op­
erable’ patients. The author’s personal 
acquaintance with most of the surgeons 
and the impressions gained from the review 
of the charts suggested that three general 
policies were followed. Some routinely 
practised radical surgery in all cases. A 
few surgeons regularly performed simple 
procedures. Most usually performed radi­
cal mastectomy, reserving simple mastec­
tomy for the poor-risk patient, the elderly 
or for occasions when there was doubt con­
cerning the diagnosis or ‘curability’.
To determine if a significant number of 
radical mastectomy patients with early
"From the Civic Hospital Division, Ottawa Clinic, 
Ontario Cancer Foundation, and the Division of 
Surgery, Ottawa Civic Hospital.
Presented at the Annual Meeting of the Royal 
College of Physicians and Surgeons of Canada, 
Edmonton, January 1963.
lesions had not been referred to the clinic, 
all mastectomies performed at the Ottawa 
Civic Hospital between 1950 and 1956 
were reviewed. This hospital was the 
source of three-quarters of the patients in 
the main study. In this period, nine patients 
with simple mastectomies and 13 with rad­
ical mastectomies were not referred from 
the hospital to the clinic. If these patients 
had the earliest lesions, the fact of their 
non-referral if it had any effect would have 
prejudiced the results of the conservative 
group because the proportion of simple 
mastectomies was greater than in the main 
study.
Because some of the preoperative exam­
ination records were vague, the accepted 
tumour size and the presence of metastatic 
axillary lymph nodes were based on the 
pathology reports concerned. The con­
servative group had a slight advantage in 
tumour size with a mean greatest diameter 
of 2.73 cm., while in the radical group 
this diameter was 3.06 cm. The proportion 
of ‘operable’ patients with axillary meta- 
stases was 39% in the radical group, and 
18% in the conservative group. However, 
because the patients who were treated by 
simple mastectomy would seldom have had 
the axillary lymph nodes removed, these 
nodes could not be examined. Therefore 
many simple mastectomy patients will have 
been erroneously classified as being free of 
axillary metastases by the method of class­
ification used. Thus the staging of the radi­
cal and conservative patients cannot be 
compared.
The patients in the conservative group 
were older. The incidence of deaths from
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% of
Recurrences
causes other than mammary cancer was 
doubled in the conservatively managed pa­
tients. Neither of these factors influenced 
the incidence of the local recurrences.
Though this was a retrospective study, 
it was considered that the clinical material 
in the two groups was sufficiently similar 
to allow some comparison and to justify the 
belief that the results of this comparison 
would resemble those of a properly ran­
domized clinical trial.3 This study seems to 
have avoided the usual variables of selec­
tion, classification, social and genetic com­
position and adjuvant therapy which so 
confuse the comparisons of studies that 
have been performed in different clinics 
and often in different eras.
Criteria for the ‘operable’ lesion classi­
fication were as follows: The tumour was 
5 cm. or less in size. There were no peau  
d’orange phenomenon, skin infiltration or 
ulceration. There was no deep tumour fix­
ation. If axillary lymph nodes were palp­
able, they were not fixed to each other or 
to adjacent structures. No supraclavicular 
lymph nodes were palpable. Edema of the 
arm was absent. The remainder of the pa­
tients who had no known distant meta-
stases were classified as having ‘locally ad­
vanced’ lesions. Nine women were excluded 
because of insufficient information. The 
patients were followed-up for 10 years, or 
to their 1962 anniversary. Four patients 
(0.5% ) were lost to follow-up study.
O bservatio ns and  D isc u ssio n
Before considering the local recurrences 
it must be appreciated that the crude sur­
vival rates of the two groups were almost 
identical.3 Indeed, conservative surgery 
may have provided an advantage in surviv­
al to premenopausal women and to women 
with proved axillary lymph node meta- 
stases.
In Fig. 1 the yearly incidence of skin 
recurrences in the first five years after pri­
mary therapy is shown for the patients with 
‘operable’ lesions. The curves for the con­
servatively and radically managed patients 
are almost superimposed. This demonstrates 
graphically that the duration of the local 
control period was not prejudiced by either 
type of surgery.
Table I shows the skin recurrences that 
were observed within five years of primary
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TABLE I.—Sk in  R e c u r r e n c e s  W it h in  F iv e  Y e a r s  o f  P r im a r y  T h e r a p y  
“ O p e r a b l e ”  L e sio n s  {Ti,iNo,iMa)
Average
period of Survival after
No. o f No. o f control recurrence (months)
patients Therapy recurrences (months)  Mean Median
424 Radical mastectomy +  x-ray
33 Radical mastectomy alone.. .
2 Preoperative x-ray +  radical
459 Total radical group................
150 Simple mastectomy - f  x-ray.
17 Simple mastectomy alone. . . .
2 Preoperative x-ray +  simple
8 Tumour excision +  x-ray. . .
1 Tumour excision alone...........
178 Total conservative group. . ..
45
12
1
58(12.6% ) 26.3 24.1 9
12
5
1
0
0
18(10.1% ) 26.1 34.6 22
therapy in the ‘operable’ lesions. In the 459 
radically treated patients it was 12.6%, 
while in the 178 conservatively managed 
women it was 10.1%. The difference is not
providing local control. Though nine pa­
tients is an insignificant number (Baclesse 
et alA reported 100), it is interesting to 
observe that none of the women who had
TABLE I I —Sk in  R e c u r r e n c e s  W it h in  F iv e  Y e a r s  o f  P r im a r y  T h e r a p y  in  
L o cally  A dvan ced  L e sio n s
Average
period of Survival after
No. o f No. o f control recurrence (months)
patients Therapy recurrences (months)  Mean Median
75 Radical mastectomy ±  x-ray................................ 23 (31% ) 12.2 11.0 9
49 Simple mastectomy ±  x-ray.................................  20 (41% ) 14.0 6.3 5
49 Radiation on ly.......................................................... 22 (45%) 8.7 7.6 5
statistically significant. Note that none of 
the nine women who had tumour excision 
developed a local recurrence. Nor is there 
any difference in the mean duration of the 
control period before the appearance of 
the skin recurrences in the two groups, 
radical: 26.3 months and conservative: 26.1 
months. The average survival time after 
the development of the local skin recur­
rences appeared to be longer in the con­
servatively managed patients (an advan­
tage of 10.5 months in mean and 13 months 
in median). These differences are not sta­
tistically significant.
Of those patients who developed local 
skin recurrences after five years, 11 had 
a radical mastectomy and only two a simple 
mastectomy. Thus, there was no evidence 
that five-year follow-up was insufficient to 
reveal most of the skin recurrences in the 
conservative group.
It is apparent then that in the ‘operable’ 
patients in this study, conservative and 
radical treatment were equally effective in
local tumour excision as their only defini­
tive surgery developed local skin recur­
rence. This observation, and the incidence 
observed after simple mastectomy, provide 
little support for those2 who advocate ex­
tensive time-consuming surgical proce­
dures for the local control of carcinoma of 
the breast. The explanation of the appar­
ently longer survival of conservatively 
managed patients after the appearance of 
the skin recurrences is not obvious. Per­
haps it may be related to the observation 
that premenopausal women and those with 
axillary metastases appeared to have better 
survival rates with conservative surgery. 
Indeed Crile5 has discussed the possible 
advantages of preserving the regional 
lymph nodes in breast cancer patients.
The women with locally advanced’ 
lesions who had radical mastectomy ap­
peared to have a lower incidence of local 
skin recurrence (31% in Table II, com­
pared with 41% for the conservative 
group, and 45% for those treated by radia-
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TABLE I I I .—T h e  I n c id en ce  of I p s il a t e r a l  
A x il l a r y  L y m p h  N ode  R e c u rren ces  W it h in  
F iv e  Y e a r s  o f  P r im a r y  T h e r a py
No. of patients Treatment
No. ofrecurrences
424
‘Operable’ lesions 
Radical mastectomy +  x-ray 733 Radical mastectomy aione. . . 12 X-ray +  radical mastectomy 0
459 Total radical group................. 8 (1.7%)
150 Simple mastectomy +  x-ray.. 917 Simple mastectomy alone. . . . 42 X-ray +  simple mastectomy 19 Tumour excision ±  x -ray .. . . 0
178 Total conservative group. .. . 14 (7.9%)
No. of
‘Locally advanced’ lesions
No. of
patients Treatment recurrences
75 Radical mastectomy ±  x-ray 5 (7%)49 Simple mastectomy ±  x-ray. 8 (16%)49 Radiation only........................... 8 (16%)
tion only). They may also have had a 
slightly longer survival period after devel­opment of the skin recurrence. None of
of the eight radically treated patients who developed axillary lymph node recurrences had Stage II primary lesions. Surprisingly, 
only one of the 32 women with histologi­
cally proved axillary lymph node meta- 
stases, who underwent simple mastectomy, 
subsequently developed an axillary lymph 
node recurrence.The difference in the incidence of ax­
illary lymph node recurrences in the ‘local­
ly advanced’ lesions, though not statistically 
significant, is probably a true finding. The 
apparent advantage of radical mastectomy 
would correspond to that observed in the 
incidence of skin recurrences in the ‘local­
ly advanced’ lesions.Table IV shows the ipsilateral axillary 
lymph node recurrences occurring more 
than five years after initial therapy. These 
five cases support Crile’s contention5 that axillary lymph node metastases do not 
necessarily grow progressively. This table 
also indicates that a five-year follow-up is 
sufficient to reveal most of the axillary 
lymph node recurrences.
TABLE IV .— I p s il a t e r a l  A x il l a r y  L ym p h  N o d e  R e c u r r e n c e s  F iv e  or M o r e  Y e a r s  A f t e r  P r im a r y
T h e r a p y
Tim e Number Stage Treatment o f primary Outcome
1 I Simple mastectomy alone..................................... Uncontrolled1 I Radical mastectomy alone........................................  Controlled1 II Radical mastectomy +  x-ray.................................. Terminal1 I Simple mastectomy +  x-ray................................... Controlled1 I Simple mastectomy +  x-ray...................................  Controlled
7th year 
8th year 
9th year
these figures are statistically significant 
however. The apparent advantage of the 
radically treated patients is partly, though 
not necessarily wholly due to selection of 
cases. Review of the tumour-node-meta- stases (TNM) classification of these patients 
revealed that the women in the ‘radiation 
only’ group had more advanced lesions. 
This selection was less obvious with the conservative group. This suggested advan­
tage of radical mastectomy in the local 
control of the ‘locally advanced’ lesions 
would correspond to the experience of Ash, Peters and Delarue.8Table III shows the ipsilateral axillary lymph node recurrences that developed within the first five years. Those patients 
who had conservative surgery had an inci­dence of 7.9%, while for those who had radical mastectomy it was only 1.7%. Six
Table V shows the eventual outcome of 
the ipsilateral axillary lymph node recur­
rences. In only three patients were the 
lesions inadequately controlled; each of 
these patients had had a simple mastec­
tomy for the primary lesion. All other ax­
illary node recurrences were either readily 
controlled or occurred as terminal events. 
The lymph node recurrences then were not 
important sources of morbidity. Thus the greater incidence of ipsilateral axillary 
lymph node recurrences in the conserva-
T A B L E  V .— M o r b id ity  o f  A l l  I p s il a t e r a l  
A x il l a r y  L y m p h  N o d e  R e c u r r e n c e s : 
“ O p e r a b l e ”  P a t ie n t s
P rim ary radical P rim ary conservativesurgery surgery
Controlled..................  6 Controlled................... 9Terminal even t......... 4 Terminal event.........  5Uncontrolled............. 3
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TABLE VI.— C o m b in e d  Sk in  an d  L ym ph  N ode  
R e c v r r e n c e s  O c c u r r in g  W it h in  F iv e  Y e a r s
‘Operable’ lesions, radical mastectomy.. . .  13.7%
‘Operable’ lesions, conservative surgery.. . 14.0%
All operated cases..........................................  17.9%
tively managed patients, when they were 
not terminal events, were readily controlled 
by subsequent therapy in all but three 
patients.
However, all of the patients who devel­
oped local lymph node recurrences, except 
one, have died. The patient still living has 
survived the lymph node recurrence for five 
years, but she has since undergone bilateral 
adrenalectomy as treatment for multiple 
skin nodules. Thus, unlike Crile’s experi­
ence,5 the development of axillary lymph 
node recurrences was associated with a uni­
formly poor eventual prognosis. Yet, as 
Kaae and Johansen7 recorded, the greater 
incidence of lymph node recurrences ap­
parently did not jeopardize the survival 
rates of the conservatively managed pa­
tients. This paradox of poor prognosis of 
lymph node recurrence and yet equal or 
better survival rates in the conservative 
group, in spite of its higher incidence of 
recurrence, can be understood if the ax­
illary lymph node recurrences or metastases 
are considered only as signs of an unfav­
ourable tumour-host relationship,3 and not 
the cause of the poor prognosis.
Finally, the combined five-year incidence 
of local recurrence, whether skin or lymph 
node, is shown in Table VI. In patients 
with ‘operable’ lesions, 13.7 % of those 
who had radical mastectomy and 14.0% 
of those who had conservative surgery had 
recurrences. For all operated cases in the 
study the combined skin and lymph node 
recurrence rate was 17.9%; this figure in­
cludes all of the “toilet” procedures done 
to palliate the advanced lesions. These 
rates compare very favourably with other 
recently reported series.2, 8' 10
No satisfactory method could be devel­
oped of accurately assessing the various 
causes of morbidity after radical mastec­
tomy, such as delayed wound healing, limi­
tation of shoulder activity, deformity and 
lymphedema. Morbidity from these causes 
appeared to exceed that of the axillary 
lymph node recurrences in the conserva­
tively managed patients, though objective 
evidence cannot be offered to support this 
statement. It was not possible either to 
estimate the value of postoperative prophy­
lactic radiotherapy because of the selec­
tion that occurred in referral to the clinic. 
Many of the patients who received only 
surgical treatment for the primary lesion 
were not referred to the clinic until recur­
rence developed, and it is known that other 
patients in whom control was achieved 
were not referred and thus were not avail­
able to the study.
It is evident then that in this study 
conservative surgery has been found as 
efficient as radical mastectomy in the local 
control of breast cancer in the ‘operable’ 
lesions. Radical mastectomy may have pro­
vided some advantage for those with ‘local­
ly advanced’ lesions. The series is not large 
and the study is a retrospective one. It 
can be interpreted, however, as further evi­
dence of the safety and need3, 5’ 7’ 11 of an 
adequately sized, accurately controlled 
clinical trial of radical versus conservative 
surgery, and possibly prophylactic versus 
expectant radiotherapy in the management 
of breast cancer. It would appear that such 
a study would have a great potential bene­
fit for future patients, and might well lead 
to a better understanding of the behaviour 
of neoplasms.
SuM M AEY AND CONCLUSIONS
Seemingly comparable groups of 534 
women who had a radical mastectomy and 
227 who were managed with conservative 
surgery were studied retrospectively to es­
tablish the incidence and behaviour of 
local skin and ipsilateral lymph node re­
currences of mammary cancer.
With ‘operable’ primary lesions, the in­
cidence of skin recurrences and the period 
of control were similar in the two groups. 
Patients subjected to conservative primary 
operation may have survived their skin re­
currences for a longer period.
Radical mastectomy may have resulted in 
some advantage to those with ‘locally ad­
vanced’ primary lesions.
Ipsilateral axillary lymph node recur­
rences were more common in the patients 
who had conservative treatment. These re-
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currences had an ominous prognosis, but 
they caused little morbidity and did not 
appear to affect the survival rates of the 
whole conservatively treated group.
The safety and need of a proper radical 
mastectomy versus simple mastectomy clin­
ical trial is indicated.
The author wishes to express his sincere grati­
tude to Dr. T. G. Stoddart, Director, Ottawa Clin­
ic, Ontario Cancer Foundation, and his staff for 
the invaluable assistance they provided throughout 
this study.
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R e s u m e
Deux generations de chirurgiens ont enseigne 
que le meilleur controle du cancer du sein etait 
la mastectomie totale radicale. II faut cependant 
observer que peu a ete fait pour confirmer cette 
fagon de voir. L’auteur a etudie ici les dossiers 
de toutes les malades operees entre 1946 et 1956 
a la clinique de la fondation ontarienne anti- 
cancereuse a Ottawa, soit un total de 534 femmes 
ayant subi des mastectomies radicales et 227 
femmes, des resections conservatives. D ’une fagcn 
generale, il apparait que trois politiques diffe- 
rentes ont ete suivies, selon les chirurgiens con- 
cemes: un premier groupe pratiquait systema- 
tiquement des resections radicales; un second 
groupe utilisait le plus souvent la meme tech­
nique, reservant les resections conservatrices aux 
mauvais risques; quelques chirurgiens pra- 
tiquaient de fagon reguliere une chirurgie con- 
servatrice. La premiere constatation importante 
est que le type de chirurgie employe n’a pra- 
tiquement pas influence le pourcentage de survie, 
ni la frequence des recidives. La mastectomie 
radicale semble avoir donne de meilleures chances 
dans les cas atteints de lesions locales avancees. 
Les recidives ganglionnaires lymphatiques du 
cote de la lesion ont ete plus frequentes chez les 
malades operees conservativement, mais en fait 
causerent peu de changement dans les indices 
de morbidite ou de survie.
SURGERY OF CHILDHOOD. Edited by James 
J. Mason Brown. 1302 pp. Illust. Edward Arnold 
(Publishers) Ltd., London; The Macmillan Com­
pany of Canada Limited, Toronto, 1962. 
$36.00.
It is a great pleasure to welcome a new large 
textbook of pediatric surgery from the British 
Isles. Edited by Mr. J. J. Mason Brown, the 
President of the Royal College of Surgeons of 
Edinburgh, the majority of its 27 distinguished 
contributors are either on the staff or obtained 
much of their training at the Royal Hospital 
for Sick Children in Edinburgh. Although 
written by many authors, an outstanding 
characterise of its 13 0 0  pages is the direct­
ness and clarity of style with which all of its 
chapters are written.
The book is well balanced; the rare disease 
and recent progress and research have not 
been unduly emphasized at the expense of the
more common disease and its more standard­
ized treatm ent. Emphasis has been placed upon 
the clinical features and pathology of disease 
rather than upon technical minutiae of opera­
tive procedures. A valid criticism m ay, how­
ever, be levied at the general absence of 
follow-up studies and critical appraisals of the 
results of treatment. An additional criticism  
may also be directed to the paucity of the 
references at the end of so many of th e  chap­
ters.
The book is a little clumsy and heavy, but 
its type is clear and well-spaced. Its illustra­
tions are excellent and clearly d epict the 
lesions which they are meant to portray.
This is a book which will be of great value 
to senior students and graduates preparing for 
higher examination and to all who are priv­
ileged to care for the sick child.
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THORACOTOMY FOR THE DIAGNOSIS OF INTRATHORACIC LESIONS0
A Review of 110 Cases
J. J. QUINLAN, M.D., V. D. SCHAFFNER, M.D. and J. E . IIILTZ, M .D.,t
Kentville, N.S.
W it h  present-day facilities, investigation 
of the person who has an abnormal chest 
roentgenogram usually will lead to an ac­
curate diagnosis so that definitive medical 
or surgical treatment can be planned. In 
a not insignificant number of cases, how­
ever, the true nature of the intrathoracic 
pathology can be determined only by ex­
ploratory thoracotomy. It is gratifying that 
the pernicious practice of observing un­
diagnosed chest lesions for a period of 
weeks, months and even years appears to 
be dying out. It is now generally realized 
that major thoracotomy in a good-risk pa­
tient is attended by a very low mortality 
and morbidity and that surgical exploration 
in these obscure conditions is the only 
method by which a diagnosis can be made, 
a prognosis given and intelligent treatment 
planned.
During the past 25 years, a great many 
reports have appeared in the literature 
concerning the significance of the solitary 
pulmonary nodule, a condition for which 
our group still prefers the term “coin 
lesion”. Thoracic surgeons have been quite 
successful in hammering home the fact 
that an appreciable proportion of these 
silent pulmonary nodules are carcinomas 
and that a reasonable number are oper­
able. Possibly so much attention has been 
paid to the necessity of exploring the chest 
containing this type of disease that physi­
cians are becoming too nonchalant about 
other types of chest pathology and as a 
result many operable carcinomas are still 
being treated as “unresolved pneumonia” 
or “chronic lung abscess”.
At the Nova Scotia Sanatorium and the 
Blanchard-Fraser Memorial Hospital, Kent­
ville, N.S., major thoracotomy has been 
performed over 1600 times for various rea­
sons since 1938. In 110 patients, the true 
diagnosis could not be established without
"Paper presented at the Regional Meeting of the 
Royal College of Physicians and Surgeons of Can­
ada, St. Johns, Newfoundland, October 8, 1962. 
fN ova Scotia Sanatorium, Kentville, N.S.
exploration and it is the purpose of this 
communication to discuss findings, com­
plications of surgery and the subsequent 
course of this group.
All otherwise undiagnosable chest lesions 
have been included in this series. While 
the great majority of these were of pul­
monary origin, an appreciable proportion 
occupied the mediastinum and one orig­
inated from the parietal pleura. Table I 
lists the radiographic findings in these pa­
tients according to the various age groups. 
The terminology used is self-explanatory 
and while it is agreed that “coin lesion” is a 
very inadequate appellation, it has been 
used for want of something better. It refers 
to those solitary circumscribed roughly 
round or oval lesions, without evidence of 
cavity, which do not exceed 6 cm. in di­
ameter. Many of the published reports ex­
clude nodules under 1 cm. in diameter, 
but it is felt that even smaller lesions are 
of clinical significance; most carcinomas 
begin small and solitary.
It will be noted that approximately two- 
thirds of the patients in the series were in 
the age group of 20 to 49, 14 were under
20 and 29 over 50. The youngest patient 
was 9 years and 11 months, and the oldest 
was 74. The sex ratio is not tabulated, but 
54% were male and 46% female. These 
patients underwent thoracotomv between 
March 10, 1938, and March 20, 1962, 89 
of them at the Nova Scotia Sanatorium and
21 at the Blanchard-Fraser Memorial Hos­
pital. The chest radiograph revealed a coin 
lesion in 40 patients, and 30 showed evi­
dence of pulmonary consolidation. Twelve 
patients had mediastinal tumours; eight 
showed evidence of atelectasis; nine had 
multiple nodules; six, a cavity; four, a hilar 
adenopathy, and one, a pleural density.
Before thoracotomy was undertaken, a 
thorough investigation was carried out. In 
practically all instances bronchoscopy was 
done and, whenever possible, secretions 
were obtained for bacteriology and cytol­
ogy. Sputum, when present, was carefully
July 1963 THORACOTOMY FOR DIAGNOSIS 323
TABLE I.— R adiological  A ppe a r a n c e  o f  L e s io n s  in  R e la tio n  to  N u m b e r  o f  P a t ie n t s  in  D if f e r e n t
A g e  G r o u ps
Radiological appearance All - ages
Years
0-9 10-19 20-29 30-39 A0-49 50-59 60-69 70 A-
Coin lesion.............................. . . .  40 5 14 7 8 4 2
Consolidation.......................... . . . .  30 1 2 1 3 6 11 6
Mediastinal tumour............... . . . .  12 3 3 3 2 1
Multiple nodulation............... 9 2 4 2 1
Atelectasis............................... 8 1 3 3 1
Cavity..................................... 6 2 2 1 i
Hilar adenopathy................... . . . . 4 2 2
Pleural density....................... ____  1 1
All cases....................... . . . .  110 1 13 24 20 23 19 9 1
examined for bacteria and, in many cases, 
for abnormal cells. Similar examinations 
were carried out in the case of pleural fluid. Most patients had an intracutaneous 
tuberculin test and, in some, histoplasmin 
and other skin tests were also taken. As 
much information as possible was obtained 
from blood chemistry and other hematolog­
ical procedures. Planograms were made and bronchography was carried out fre­
quently in situations where these proced­
ures could be of possible help in diagnosis. 
In some cases, a diagnostic pneumothorax was established and a thoracoscopical ex­
amination was carried out. Of late years, 
most patients underwent scalene node bi­
opsy. It will be appreciated that some pa­
tients underwent a much more thorough 
preoperative assessment than others. Ob­
viously, it is hardly worthwhile to carry out an elaborate investigation in the patient 
with a solitary peripheral pulmonary nod­
ule when it is apparent beforehand that 
little if any information will be gained 
from it.
More than half of the patients in this 
series had symptoms of pulmonary dis­
ease. Table II relates the occurrence of these symptoms to the condition found at 
operation. Unfortunately, very few people 
pay much attention to cough and expector­
ation and frequently some dramatic episode, 
such as hemoptysis or severe chest pain, 
occurs before they will seek medical ad­
vice. It is rather depressing to note that 
of the 29 patients who were found to have malignant neoplasm of the lung, only seven 
were asymptomatic at the time of their first radiograph of the chest. In contrast, 
26 of the 37 patients who had tuberculosis 
were asymptomatic. A rather unusual find­
ing was that of a Horner’s syndrome in a 
patient from whom a neurogenic tumour 
of the mediastinum was ultimately re­
moved. This is a rather rare occurrence in 
a benign condition.
Table III sets out the time lapse from the beginning of symptoms to the taking 
of chest radiographs, and also the period 
between the radiological examination and
T A B L E  II.— P r e s e n t in g  S y m p t o m s  i n  R e l a t io n  t o  t h e  U l t im a t e  D ia g n o s is
A llcases
N osym ptom s Cough
Expectora­tion
H em op­tysis Chestpain
W eightloss D yspnea
H orner'ssyndrom e
Malignant neoplasm of lungand/or bronchus..................... 29 7 15 14 10 7 1 3Hodgkin’s disease......................... 3 1 1 1Pulmonary cyst— congenital....... 5 3 2Pulmonary abscess....................... 9 0 7 7 4 3Pulmonary tuberculosis............... 37 26 5 5 4 3 1Saicoidosis.................................... 7 6 1 1Granuloma owing to foreignbody........................................ 1 0 1 1 1Pneumonia— chronic................... 5 2 3 3 1Pneumonia— lipoid...................... 1 1Sequestration and diaphragmatichernia— Morgagni.................. 1 0 1 1Diaphragmatic hernia— Morgagni 2 2Neurogenic mediastinal tumour. . 4 1 2Substernal thyroid....................... 1 1Mediastinal cyst— pericardial.. . 2 2Mediastinal cyst— bronchogenic.. 1 1Fungous infection, typeundetermined.......................... 1 1Chronic hemothorax.................... 1 0 1
All cases............................ 110 54 33 31 21 17 3 5 1
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TABLE III.— T im e  L a p s e  from  B eg in n in g  of S ym ptom s to R ad iolog ical  E xam in ation  in  R elation  to 
T im e  L a p s e  F rom t h e  L a t t e r  to E x pl o r a to r y  O p er a t io n
Time lapse from  symptoms to radiological examination
Time lapse from  radiological 
examination to operation
All
cases
No
symptoms
Less than 
1 month
1 - s
months
4 - 6
months
7 - 1 2
months
More than 
12 months
Less than 2 weeks.......... 2 0 1 1 0 0 o
2 weeks - 1 month.................. 9 3 0 4 1 0 1
1 - 3  months...................... 30 11 5 7 3 1 3
4 - 6  months............. 16 11 i 3 0 1 0
7 - 1 2  months.................. 30 17 4 5 3 1 0
More than 12 months........... 23 12 4 2 0 1 4
All cases........................ 110 54 15 22 7 4 8
exploratory thoracotomy. The great ma­
jority of the people with symptoms in this 
series obtained a chest radiograph prompt­
ly; 15 were examined in less than one 
month and 37 within the first three months. 
Only eight had symptoms for more than 
one year before a chest radiograph was 
made. Unfortunately, much too long an in­
terval exists between the radiological ex­
amination of the chest and exploratory 
thoracotomy. In approximately 50% of 
the patients, more than six months went by 
before surgical exploration was carried out 
and only 11 were operated upon within one 
month of the radiological examination. The 
presence or absence of symptoms did not 
appear to influence the period of watchful 
waiting before thoracotomy, and in rough­
ly 50 % of the patients who did have symp-
T A B L E  IV.— T u b e r c u l in  S t a t u s  o f  P a t ie n t s  in  R e l a t io n  
t o  U l t im a t e  D ia g n o s is
P a t h o lo g y
A l l
c a s e s
T u b e r c u l in
p o s it iv e
T u b e r c u l in  
n e g a t iv e  
2 n d  s tr en g th  
P P D
N o t
s ta t e d
M a lig n a n t  n e o p la s m  
o f  lu n g  a n d / o r 
b ro n c h u s — p r im a ry
o r  s e c o n d a r y ..............
H o d g k in ’s  d is e a s e ..
2 9 19 3 7
3 — 1 2
P u lm o n a r y
c y s t — c o n g e n i t a l . . . 5 1 2 2
P u lm o n a ry  a b s c e s s .  . 9 6 1 2
P u lm o n a ry
tu b e r c u lo s is ................. 3 7 3 7
S a r c o id o s is ........................ 7 3 4 _
G r a n u lo m a  o w in g  to  
fo re ig n  b o d y ............... 1 1
P n e u m o n ia — c h r o n i c . 5 5 — —
P n e u m o n ia — li p o i d . . . 1 1 — —
S e q u e s t r a t io n  a n d  
d ia p h r a g m a t ic  
h e r n ia .............................. 1 1
D ia p h r a g m a t ic  h e r n ia  
M o r g a g n i ...................... 2 1 1
N e u r o g e n ic  m e d ia s t i ­
n a l  t u m o u r .................. 4 _ 4
S u b s te r n a l  t h y r o i d . . 1 1 —
M e d ia s t in a l  c y s t —  
p e r ic a r d ia l .................... 2 2
M e d ia s t in a l  c y s t —  
b r o n c h o g e n ic .............. 1 1 _
F u n g o u s  in f e c t io n —  
ty p e  u n d e te rm in e d . 1 1
C h r o n ic  h e m o th o r a x . 1 — 1 —
A ll c a s e s .............................. 1 1 0 7 8 15 17
toms, the operation was still deferred for 
over six months.
A tuberculin test was carried out on 
93 of the 110 patients; as might be ex­
pected, it gave a positive result in all of the 
patients who were found to have tuberculo­
sis. In 56 of the patients later found to 
have non-tuberculous disease, tuberculin 
testing was repeated up to the second 
strength PPD Mantoux test; only 15 of these 
failed to react. Thus the absence of tuber­
culin sensitivity was of great value in elim­
inating tuberculosis as a diagnosis in ap­
proximately one-quarter of those patients 
whose chest lesions were proved to be of 
non-tuberculous etiology.
As mentioned previously, the radiologi­
cal appearance in 40 of the 110 patients 
was that of a coin lesion, and 30 showed 
evidence of pulmonary consolidation. Of 
the remaining 40, 12 had suspected media­
stinal tumours; nine had multiple pulmon­
ary nodules; eight had atelectasis; six had 
cavitation; four, hilar adenopathy, and one 
a pleural density. The conditions found in 
the smaller groups will be noted and those 
found in the two larger groups will be dis­
cussed in more detail. Of the suspected 
mediastinal lesions, four were benign 
neurogenic tumours, two were diaphrag­
matic hernias of the Morgagni type, one 
was an enlarged substernal thyroid, two 
were pericardial cysts and one was a medi­
astinal bronchogenic cyst. One large 
mediastinal mass was due to Hodgkin’s 
disease and one to sarcoidosis.
Of the nine patients with multiple nod­
ules, six had pulmonary tuberculosis, one 
harboured a metastatic sarcoma, one had 
sarcoidosis and one a fungous infection,
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TABLE V.— R adiological A p pe a r a n c e s  in  R ela tio n  t o  U ltim a te  D ia g n o sis
Pathological Medias-
diagnosis of All Coin Consolida- tinal Multiple Atelec- H ilar Pleural
resected specimen cases lesion tion tumour nodules tasis f  Cavity adenopathy density
Carcinoma—
epidermoid—lung. . 
Carcinoma—
7 1 5 1
adeno—lung............
Carcinoma—
5 1 3 1
undifferentiated 
—lung...................... 6 4 2
Carcinoma—
alveolar cell—lung. 
Carcinoma—
3 1 2
secondary—lung. . . 4 2 2
Sarcoma—lung...........
Adenoma—
3 2 1
bronchial
carcinoid.................. 1 1
Hodgkin’s disease.. . . 
Pulmonary
3 1 1 1
congenital cyst........
Pulmonary
5 2 3
abscess.....................
Pulmonary
9 1 6 2
tuberculosis............. 37 28 1 6 1 1
Sarcoidosis...................
Granuloma owing
7 1 1 1 4
to foreign body. . . . 1 1
Pneumonia—
chronic.....................
Pneumonia—
5 4 1
lipoid........................
Sequestration and
i 1
diaphragmatic 
hernia....................... i 1
Diaphragmatic
hernia—Morgagni.. 
Neurogenic
2 2
mediastinal 
tumour..................... 4 4
Substernal
thyroid.....................
Mediastinal cyst
1 1
—pericardial........... 2 2
Mediastinal cyst 
—bronchogenic. . . . 
Fungous infection
1 1
—type
undetermined......... 1 1
Chronic hemothorax.. 1 1
All cases................... 110 40 30 12 9 8 6 4 1
the exact etiology of which was not deter­
mined.
Eight patients had evidence of atelec­
tasis. In four, this finding was due to pri­
mary bronchogenic carcinoma; in one, to 
bronchial adenoma; in one, to tuberculosis; 
and in one, to a chronic pneumonia. In one 
unusual patient, who presented with a mas­
sive recurring hemothorax and complete 
atelectasis of the lung, a pneumonectomy 
was performed and a cure was obtained. 
However, the pathologist was unable to 
give a definite opinion about the cause of 
the condition, reporting only pulmonary
fibrosis probably owing to long-standing 
atelectasis.
Of the six patients with radiographical 
evidence of a pulmonary cavity, one had 
tuberculosis, two had chronic lung ab­
scesses and three had congenital cysts.
All four patients with hilar adenopathy 
had sarcoidosis. The one patient in whom 
the preoperative diagnosis was “pleural 
density” had Hodgkin’s disease.
Table VI sets forth the conditions found 
in the 40 patients exhibiting solitary pul­
monary nodules or coin lesions. Most of 
the literature dealing with exploration for
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TABLE VI.— C oin  L e s io n s : U l t im a t e  D ia g n o sis  in  R ela tio n  to  N u m b e r  o f  P a t ie n t s  in  A ge  G roups
Pathological diagnosis o f 
resected specimens
All
ages
Years
0-9 10-19 20-39 30-39 40-49 50-69 60-69 70+
Carcinoma—epidermoid................ i 1
Carcinoma—adeno......................... i 1
Carcinoma—alveolar cell............... i 1
Carcinoma—secondary.................. 2 1 1
Sarcoma.......................................... 2 2
Tuberculosis................................... 28 5 13 6 2 1 1
Congenital cyst............................... 2 1 1
Abscess............................................ 1 1
Sarcoidosis...................................... 1 1
Sequestration and Morgagni hernia 1 1
All cases............................... 40 5 14 7 8 4 2
undiagnosed chest conditions refers to pa­
tients such as these. The great importance 
of these lesions, of course, lies in the fact 
that they may represent early pulmonary 
malignant disease at a stage where a high 
survival rate may be expected following 
lung resection. In the published reports, 
the incidence of cancer varies considerably, 
from 74% of 23 cases reported by Thorn­
ton in 1944 to 7 % of 14 patients described 
by Jones in 1954. These figures are taken 
from the excellent review of Cartwright 
and his group,1 published in 1959, which 
includes 296 cases of their own. Probably 
the largest single review was that of Davis, 
Peabody and Katz2 in 1956. These authors 
polled the members of the American As­
sociation for Thoracic Surgery concerning 
experience with coin lesions. The replies 
from these questionnaires and their own 
series made a total of 1203 cases and in 
these the incidence of malignancy was 
36.7%.
Of our 40 patients with coin lesions, seven 
(17.5%) were found to have malignant neo­
plasms—three primary and two secondary
TABLE VII.— C o in  L e s io n s : U l t im a t e  D ia g n o s is  in  
R e l a t io n  t o  R a d io l o g ic a l  S iz e
All Under 1 -  1.9 2 - 3.9 4 cm. or
Pathology cases 1 cm. cm. cm. larger
Carcinoma—
epidermoid.... 1 — — — 1
Carcinoma—
adeno.............  1 — — 1
Carcinoma—
alveolar cell. . .  1 — — 1 —
Carcinoma—
secondary. . . .  2 — — 1 1
Sarcoma.............  2 — — 1 1
Congenital cyst. . 2  — 1 1
Abscess............... 1 — — 1
Tuberculosis. . . .  28 1 16 11
Sarcoidosis.........  1 — — 1
Sequestration
and Morgagni
hernia.............. 1 — — 1
All cases.............  40 1 17 19 3
carcinomas and two sarcomas. The high 
incidence of tuberculosis in our series, 28 
(70%), is at variance with most of the pub­
lished reports. There are probably two rea­
sons for this; first, in this part of North 
America (all of our patients came from Nova 
Scotia) granulomas other than tuberculous 
ones are extremely uncommon — there 
were no cases of histoplasmosis or coccidio­
idomycosis; secondly, with respect to the 
age of these patients (Table VI), 24 of the 
28 who had tuberculosis were under 40. 
With respect to this criterion, all of the 
seven patients with malignant conditions 
were over 40 and in the so-called cancer 
age group. Of the remaining five patients 
with solitary pulmonary nodules, two had 
congenital cysts, one had a chronic abscess, 
one had sarcoidosis, and one had an intra- 
pulmonary sequestration.
The size of the coin lesion as estimated 
from the preoperative roentgenogram is re­
lated to the condition found at operation in 
Table VII. All of the malignant nodules 
were 2 cm. or greater in diameter, and 
three were from 4 to 6 cm. when first de­
tected.
In most centres, patients exhibiting evi­
dence of persisting consolidation are those 
in whom the surgeon has least difficulty 
convincing his medical confreres of the 
need for operation. Unfortunately, this has 
not been our experience and many in­
stances are still seen where the attending 
physician has waited many months for the 
clearing of “unresolved pneumonia”, 
“chronic pneumonitis” or “chronic lung ab­
scess”. This is particularly so when some 
radiographic clearing (a notorious red her­
ring) is noted. It is obvious that the second-
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T A B L E  VIII.— L esio n s  w ith  R adiological A ppea r a n c e  of C onsolidation in  R elatio n  to  U lt im a t e
D iagnosis A ccording to A g e  G roups
Pathology of resected specimen
All
ages
Years
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70 +
Carcinoma—epidermoid................ 5 2 2 1
Carcinoma—adeno......................... 3 1 2
Carcinoma—undifferentiated. . . . 4 1 2 1
Carcinoma—alveolar cell.............. 2 1 1
Carcinoma—secondary.................. 2 1 1
Pulmonary abscess.......................... 6 1 1 2 1 1
Chronic pneumonia........................ 4 1 1 1 1
Lipoid pneumonia.......................... 1 1
Granuloma due to foreign body.. 1 1
Tuberculosis..................................... 1 1
Hodgkin’s disease............................ 1 1
All cases................................ . 30 1 2 1 3 6 11 6
ary infection in the parenchyma surround­
ing the site of malignant disease of the 
lungs will respond to antimicrobial therapy 
and temporary disappearance of atelectasis 
may occur. Our series includes 30 patients 
in whom the chest radiograph showed evi­
dence of some degree of consolidation. In 
slightly over one-half of these patients, the 
disease was due to malignancy, 14 of the 
16 neoplasms were primary bronchogenic 
carcinomas and two were metastatic carci­
nomas. Again it may be noted that all of 
the patients with cancer were in the 40-69 
age group. Of the remainder with evidence 
of consolidation, six had pulmonary abscess;
four had actual chronic pneumonias, and 
one, lipoid pneumonia. There was one 
granuloma caused by a foreign body and 
one was tuberculous in origin. The last 
patient had Hodgkin’s disease.
It is extremely important that early ex­
ploration of the chest be undertaken in pa­
tients over 40 years of age who have 
radiological evidence of consolidation and 
in whom a diagnosis has not been made. 
Moreover, no great attention should be paid 
to evidence of clearing of a portion of the 
infiltrate. One patient in our series was 
watched for more than a year because of 
so-called “slowly resolving pneumonia”; it
TABLE IX.— Operative P rocedures P erformed in R elation to Ultimate D iagnosis
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Malignant neoplasm, lung
or bronchus.............. 29 2 9 1 1 11 2
Hodgkin’s disease.......... 3 1 1 1
Sarcoidosis..................... 7 3 4
Medistinal cyst—
pericardial................ 2 2
Mediastinal cyst—
bronchogenic............ 1 1
Mediastinal tumour—
neurogenic................ 4 4
Substernal thyroid......... 1 1
Diaphragmatic hernia—
Morgagni................. 2 2
Sequestration and
diaphragmatic hernia. 1 1
Congenital pulmonary
cyst.......................... 5 5
Pulmonary abscess......... 9 5 4
Pulmonary tuberculosis. . 37 1 8 1 1 25 1
Granuloma due to foreign
body........................ 1 1
Pneumonia—chronic...... 5 1 2 1 1
Pneumonia—lipoid........ 1 1
Fungous infection—
type undetermined. . . 1 1
Chronic hemothorax....... 1 1
All cases.............. 110 10 31 1 2 27 18 5 1 6 3 1 2
3ft
3
3
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TA BLE X .— M ortality Statistic s : 
M arch 10, 1938, to Ju n e  11, 1962
Total mortality: 29 deaths.......... ................. 26.4%
Deaths within 60 days (operative). 10
Less deaths due to progression of
malignant disease.......................  3
Operative deaths (corrected).........  7
Operative mortality........................................  6 .36%
Operative mortality before 1950—
4 deaths in 23 operations........................  17.39%
Operative mortality after January 1, 1950—
3 deaths in 87 operations........................  3 .45%
cleared almost completely over a period of 
about seven months, only to recur. On ex­
ploration, only a palliative resection could 
be done for the underlying extensive car­
cinoma.
The operative procedures carried out for 
diagnosis and/or treatment of the condi­
tions found on exploration are listed in 
Table IX. An attempt was made to remove 
all diseased tissue, with the following ex­
ceptions. Twenty-nine thoracotomies were 
performed upon patients in whom a malig­
nant process was found. In these, lung re­
section was carried out in 13 instances, 
lung biopsy in 11, excision of a mediastinal 
gland in two, and exploratory thoracotomy 
only, in three. Of the three patients with 
Hodgkin’s disease, a lung biopsy was made 
in the first, a biopsy of a large mediastinal 
tumour in the second, and in the third, in
whom the disease presented as a pleural 
density, a mediastinal tumour with chylo- 
thorax was found. The tumour, which 
proved to be Hodgkin’s disease, was re­
moved; the cistern chyli was resected and 
the patient is well today, 12 years after 
operation. Of the seven patients with sar­
coidosis, a wedge biopsy of the lung was 
carried out in three and a diagnosis was 
made by examination of a removed media­
stinal gland in the other four. A partial 
wedge biopsy was performed in one case 
each of tuberculosis, chronic pneumonia 
and fungous disease. In all of the remain­
ing cases, complete surgical extirpation of 
the abnormal condition was carried out. 
Three mediastinal cysts, four neurogenic 
tumours of the mediastinum and one sub- 
sternal thyroid were all resected. Two dia­
phragmatic hernias of the Morgagni type 
were repaired and in the others, all involv­
ing pulmonary disease, some form of lung 
resection was carried out.
With regard to lung excision, in the total 
series 10 patients underwent pneumonec­
tomy; 31, lobectomy; three, segmental re­
section; and 27, wedge resection.
Tables X and XI deal with mortality 
within the series. The total deaths up to 
June 11, 1962, numbered 29 or 26.4%. In
TA BL E  X I.— C a u se  o f  D ea th  in  R ela tio n  to O p e r a t iv e  P r o c ed u r e
All
cases
Deaths
Alive
now
Cardiac 
arrest 
on table
Secondary
hemorrhage
Pulmonary
edema
Ana­
phylactoid
purpura
Progression 
o f disease— 
carcinoma and 
Hodgkin’s 
disease
Pneumonectomy................. 10 7 1 1 1
Lobectomy........................... 31 24 2 1 4
Multiple segmental
resections.......................... 1 1
Segmental resection........... 2 1 1
Wedge biopsy—to ta l......... 27 26 1
Wedge biopsy—partial.. . . 18 6 2 10
Removal of mediastinal
tumour.............................. 5 5
Removal of mediastinal
tumour and excision of
cisterna chyli................... 1 1
Removal of mediastinal
gland.................................. 6 5 1
Removal of mediastinal
cyst.................................... 3 3
Biopsy tumour.................... 1 1
Repair of diaphragmatic
hernia................................ 2 2
Exploratory only................ 3 3
110 81 2 1 3 1 22
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T A B L E  X II.—C o m pl ic a t io n s  E n c o u n t e r e d  in  R e l a t io n  to  Y e a r s  o f  O p e r a t io n
All cases 1938-1944 1945-1949 1950-1954 1955-1959 1960 to date
All operations.......................................  110 9 14 33 38 16
No complications.................................  92 7 6 28 37 14
Died on table.......................................  2 2
With complications.............................. 16 2 6 5 1 2
TABLE X III.—T y p e s  o f  C o m plicatio n s  E n c o u n t e r e d  in  R e l a t io n  t o  Y e a r s  o f  O p e r a t io n
All cases 1938-1944 1945-1949 1950-1954 1955-1959 1960 to date
Bronchopleural fistula only................. 3 2 1
Empyema only..................................... 1 1
Bronchopleural fistula and empyema. 3 1 2
Secondary hemorrhage........................ 1 1
Pulmonary edema................................ 3 1 1 1
Auricular fibrillation........................... 1 1
Tuberculous bronchitis....................... 1 1
Slow obliteration of pleural space. . . . 2 1 1
Slight to moderate wound infection... 1 1
Secondary hemorrhage—1 died within less than 1 week.
Pulmonary edema —3 died within less than 1 week.
Auricular fibrillation —1 died after 60 days of progression of malignant disease. 
Empyema only — 1 died after 60 days of progression of malignant disease.
The remaining 10 are alive.
our series, operative mortality is defined as 
deaths occurring within 60 days of opera­
tion; there were 10 in this group, a rate of 
9.1%. Three deaths were caused by rapid 
progression of malignant disease, so the 
corrected operative mortality is 6.36%. In 
Table X the mortality from operation from 
1938 to 1949 inclusive is 17.39%, where­
as after January 1, 1950, only three opera­
tive deaths occurred in 87 operations, a 
rate of 3.45%.
Two cases of cardiac arrest during opera­
tion occurred before 1950 when the etiolo­
gy and treatment of this condition were 
not well understood. One death was caused 
by hemorrhage from the pulmonary artery 
following pneumonectomy in the early 
postoperative period. Three deaths were 
due to pulmonary edema and one dramatic 
exodus resulted from anaphylactoid pur­
pura. The remaining fatalities were due 
either to progression of carcinoma or to 
Hodgkin’s disease.
In Table XI the cause of death is pre­
sented in relation to the operative proced­
ure performed. The largest number of 
deaths (12) occurred in patients who are 
listed under the heading—wedge biopsy, 
partial. All of these had inoperable carci­
nomas of the lung. Two were postoperative 
deaths caused by pulmonary edema in ex­
tremely poor-risk patients and 10 were
owing to the progression of malignant pro­
cesses.
The operative fatalities were all in cases 
where pulmonary disease was present. No 
operative deaths followed removal of medi­
astinal lesions or repair of diaphragmatic 
hernias. Two operative deaths occurred 
after pneumonectomy, three after lobec­
tomy, four after partial wedge biopsy and 
one after exploration only. Only one opera­
tive death occurred in the coin-lesion group 
— a cardiac arrest just after the completion 
of a lobectomy in a patient with a tuber­
culous granuloma in 1948.
Sixteen of the patients had complications 
of varying severity, a rate of 14.5% (Table 
XII). In 10 of these patients complete reso­
lution of the complications was obtained. 
The remaining six are dead, two not of the 
complications but of the original malignant 
disease. The complications are listed in 
Table XIII in order to designate those that 
were considered by the authors to be sig­
nificant in this respect.
As previously mentioned, 29 patients in 
this series had malignant tumours of the 
lung on exploration; only one was a bron­
chial adenoma. The picture in respect to 
survival is a gloomy one. Seven of the pa­
tients who were explored because of coin 
lesions were found to have primary or 
secondary carcinoma, or sarcoma of the
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lung. The 21 remaining underwent opera­
tion because of radiological evidence of 
consolidation or atelectasis. Epidermoid 
carcinoma was found in seven patients; in 
only three was a curative resection pos­
sible, one underwent pneumonectomy and 
two lobectomy. One of the latter patients 
died in the postoperative period of ana­
phylactoid purpura and the other suc­
cumbed to widespread metastases in the 
second year after operation. This last pa­
tient originally exhibited the radiological 
appearance of coin lesion. One patient who 
underwent pneumonectomy lived for more 
than two years but eventually died of car­
cinoma. Four patients with inoperable dis­
ease died within the first year.
Of five patients with adenocarcinoma, 
lobectomy was possible in only one. This 
patient also had a coin lesion but unfor­
tunately died of his cancer in the second 
postoperative year. The remaining four, 
whose lesions could not be resected, died 
within the first two years, one during op­
eration.
Where the carcinoma was found to be 
undifferentiated (six patients), the results 
were equally poor. In only two was it 
feasible to perform a resection, one under­
went pneumonectomy and one lobectomy. 
The former died in the postoperative peri­
od and the latter in the first year owing to 
progression of the carcinoma. One of the 
remaining four was also an operative 
death. One died within the first year, one 
in the second, and the longest survival was 
in a patient in whom the diagnosis was 
made from examination of the mediastinal 
gland removed at operation. This patient 
survived for over two years. Thus, the best 
results were obtained in two patients in 
whom the diagnosis was made by examina­
tion of mediastinal glands removed by 
operation. One of these patients survived 
over two years and the other is still alive, 
more than one year after operation.
Three patients had an alveolar cell car­
cinoma and in two of those the process was 
localized enough to permit lobectomy. One 
of these patients exhibited a coin lesion. 
Both are still alive, one six months and 
the other two years after operation. In the 
third, in whom exploration only was done,
death occurred within the first year from 
progression of the disease.
Of four patients with metastatic carci­
noma, two had preoperative radiological 
evidence of a coin lesion. In three patients, 
all of whom were women, a palliative 
lobectomy was done; one died in the sec­
ond year and two are still alive almost two 
years after operation. In the fourth patient, 
in whom a biopsy only was done, death 
occurred within the first year.
The pathological diagnosis in three pa­
tients proved to be sarcoma. One was a 
metastatic deposit from an osteogenic sar­
coma; this solitary coin lesion was removed 
by wedge-resection and the patient sur­
vived for more than a year. One patient 
had a primary sarcoma which presented as 
a solitary coin lesion and was removed by 
segmental resection. This patient did not 
survive the first year and died with wide­
spread metastases. The third patient in this 
group had a biopsy only and died in the 
second year after operation.
Briefly then, among the patients who had 
malignant disease there are as yet no five- 
year survivals. Five patients are still alive; 
in three of these, the indication for opera­
tion was a “non-diagnosed” coin lesion. Two 
had alveolar cell carcinoma and have a 
good prognosis. In the two with secondary 
carcinoma who are still alive, the prognosis 
is not good. The remaining patient has in­
operable undifferentiated carcinoma and 
the prognosis again is poor.
C onclusions
One primary objective of exploratory 
thoracotomy for undiagnosed lesions is the 
attempt to find resectable cancers, particu­
larly in patients who exhibit solitary pul­
monary nodules. A good result may be an­
ticipated only if the malignancy discovered 
is a primary one. The percentage of pri­
mary carcinomas in our series of coin 
lesions is very low; as yet we have no 
five-year survivals. In the other pathologi­
cal conditions in which the indications for 
operation appear unequivocal, there is still 
a distressingly long delay before patients 
with undiagnosed pulmonary consolidation, 
atelectasis and other obviously serious 
lesions are subjected to thoracotomy.
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Regardless of their etiology, resection is 
the treatment of choice for solitary nod­
ules. In almost all of the cases in this 
series, these lesions were either tuberculous 
granulomas or malignant neoplasms. Based 
on a considerable personal experience, we 
recommend that solid tuberculous foci be 
resected. In this series, if the tuberculous 
nature of the coin lesion had been known 
before thoracotomy, the only variation in 
treatment would have been a period of 
tuberculostatic drug therapy before opera­
tion. The surgical approach would have 
been modified in the presence of a proved 
tuberculous condition known to have been 
present for a number of years. With regard 
to solid lesions of undetermined etiology 
known to have been present for some time, 
exploration should be carried out, because 
as Rigler3 has shown, small carcinomas can 
persist unchanged in size for long periods 
of time.
Many surgeons have emphasized the 
danger of regarding an improving chest 
radiograph as strong evidence of benignity; 
this series contains ample evidence to illus­
trate this danger. Some physicians still have 
a false sense of security when investigation 
in such cases fails to provide positive evi­
dence of malignancy. It is probable that 
the results of treatment in carcinoma of 
the lung might be much better if the terms 
“slowly resolving pneumonia” and “chron­
ic pneumonitis” were discarded entirely.
The results of thoracotomy in those cases 
where the pathology was extrapulmonary 
are quite impressive. In the early years it 
was considered extremely important to es­
tablish whether a density in the chest radio­
graph represented an intrapulmonary or an 
extrapulmonary lesion. A diagnostic pneu­
mothorax was frequently performed in an 
attempt to elucidate this point. Thoracic 
surgeons are now prepared to deal with 
any abnormality found on opening the 
chest. In the few cases where it is not pos­
sible to determine by radiological examina­
tion the exact location or extent of the 
lesion, knowledge of the exact location of 
the lesion appears to be of academic in­
terest only. It is urged that all pulmonary 
lesions which would be otherwise undiag­
nosed should be handled by exploration of 
the thorax so that a definite diagnosis can
be made, a prognosis given and appropri­
ate treatment carried out as indicated.
Summary
In 110 patients with undiagnosed intra- 
thoracic lesions, exploration of the chest 
was carried out. Fifty-six of these patients 
had had symptoms and had consulted their 
family physicians quite early in the course 
of the premonitory illness because of these 
symptoms. In most cases, a prompt radio- 
graphic examination of the chest was car­
ried out. Unfortunately, too long a period 
elapsed before these patients whose dis­
ease was undiagnosed were referred for 
thoracotomy. The lesions were classified 
according to the radiological appearance. 
Forty were coin lesions, 30 suggested pul­
monary consolidation and the remainder, 
both pulmonary and extrapulmonary, were 
of miscellaneous appearance. Twenty-five 
of the patients were found to have primary 
or secondary carcinoma of the lung. Three 
patients had sarcomas and three had Hodg­
kin’s disease. In the group with solitary 
pulmonary nodules (coin lesions), seven 
(17.5%) were found to have malignant dis­
ease. In this group, 28 had pulmonary 
tuberculosis. Of the patients exhibiting evi­
dence of consolidation or atelectasis, over 
50% were found to have malignant condi­
tions. All of the patients with pulmonary 
cavities had benign conditions and 11 of 
the 12 mediastinal lesions were non-malig- 
nant. The four patients who had hilar 
adenopathy had sarcoidosis. The mortality 
and morbidity associated with exploration 
is extremely low, particularly in the good- 
risk patient and especially so in the patient 
with the solitary pulmonary nodule when 
the mortality and morbidity should be al­
most zero. A plea is made for early explora­
tion in all cases where the radiological ex­
amination reveals intrathoracic pathology 
and where a diagnosis cannot be made 
promptly by other means.
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R e su m e
Avec les moyens modemes de diagnostic, un 
malade qui presente une radiographie pulmonaire 
suspecte, peut etre examine avec suffisamment de 
precision pour arriver a un traitement etiologique 
correct. Cependant dans un nombre de cas qui 
n’est pas negligeable, il peut etre necessaire de re- 
courir a la thoracotomie exploratrice. La connais- 
sance exacte d’une pathologie endothoracique peut 
permettre le traitement precoce et par consequent 
adequat d’un cancer du poumon. Cet article re­
sume l’experience des auteurs en ce qui conceme 
l’exploration chirurgicale du thorax; leur statistique 
comporte 1.600 cas, operes depuis 1938 au “Nova 
Scotia Sanatorium” et au “Blanchard-Fraser Mem­
orial Hospital”. Chez 110 malades la thoracotomie 
fut pratiquee specifiquement dans un but diag­
nostic; 56 d’entre eux souffraient de divers symp- 
tomes et avaient consulte leur medecin de 
famille tres tot apres le debut de leur maladie. 
Dans la plupart des cas il fut tres rapidement 
precede a un examen pulmonaire aux rayons x, 
mais malheureusement un temps relativement long
s’ecoula avant que le malade ne soit hospitalise 
pour thoracotomie exploratrice. Les lesions furent 
cataloguees d’apres leur apparance radiologique; 
40 etaient des lesions arrondies (nodules isoles ou 
“coin lesions” ), 30 presentaient des images de 
densification parenchymateuse et le restant mon­
trait des cliches d’aspect variable, pulmonaire et 
extrapulmonaire. A la verification operatoire, on 
decouvrit 25 cancers pulmonaires primitifs ou 
secondaires, trois sarcomes et trois maladies de 
Hodgkin. Dans le groupe des porteurs de nodules 
isoles il y avait sept cas de maladies malignes et 
28 tuberculoses. Chez les patients ayant radiologi- 
quement une densification ou une atelectasie, plus 
de la moitie souffraient de lesions malignes. Toutes 
les images cavitaires correspondaient a des affec­
tions benignes, ainsi que 11 sur 12 des pathologies 
mediastinales. Les adenopathies du hile corres­
pondaient a des sarcoidoses. L ’indice de mortalite 
et de morbidite de ces explorations endothora- 
ciques est extremement bas chez le malade en 
etat general satisfaisant; dans les cas des porteurs 
de nodules isoles, ces indices tombent pratique- 
ment a zero. Les auteurs insistent sur l’importance 
de proceder a une exploration precoce toutes les 
fois que la radiologie depiste une pathologie en­
dothoracique qu’il est impossible de preciser par 
d’autres moyens.
CENTRAL NERVOUS SYSTEM EMBOLI IN OPEN HEART SURGERY
PETER ALLEN, M.D., F.R.C.S.[C],“ Vancouver, B.C.
T h e  su b je c t  of systemic emboli as a com­
plication of open heart surgery warrants 
reappraisal in regard to etiology, methods 
of prevention, early recognition and treat­
ment.
The systemic emboli associated with by­
pass cardiac surgery are air, calcium 
plaques, thrombi and silicone (Antifoam)®; 
of these, air emboli are the most frequently 
encountered.
In 500 cases of by-pass surgery at the 
Vancouver General Hospital, air entered 
the systemic circulation primarily in 
patients undergoing repair of the mitral 
and aortic valves, and secondarily during 
closure of atrial septal defects of the 
ostium secundum and primum types 
(Table I).
“Department of Surgery, University of British 
Columbia and Vancouver General Hospital.
®Dow Coming Silicones Ltd., Downsview, Ont.
Once surgeons recognized the sources 
of emboli produced at operation, methods 
of prevention became much easier to 
apply. For example, air emboli are not a 
problem during open surgical repair of 
mitral regurgitation until the deficiency has 
been corrected, at which time air can be 
siphoned easily into the left ventricle by 
the newly competent valve and ejected 
into the systemic circulation. In addition, 
when the examining finger is placed 
through the exposed mitral valve, it car­
ries a significant bolus of air which may 
be trapped under the leaflets and embol- 
ize subsequently.
Open surgical correction of the aortic 
valve is a slightly less frequent source of 
air emboli but in this procedure the utmost 
care is necessary for prevention. After an 
aortotomy is made and the left ventricle is 
emptied of blood, air will enter. At com­
pletion of the valvular procedure, the left
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T A B L E  I.— C e r e b r a l  E m b o l ism  in  O p e n  H e a r t  
S u r g e r y  (18 P a t ie n t s )
Etiology Total Survival
Congenital lesion 
Ostium secundum. air 3 3
Ostium primum.. . air 3 2
Tetralogy of Fallot 
Aortic-pulmonary
air 1 0
window............. air 1 1
Acquired lesion 
Aortic stenosis. . . . 1 silicone 
1 calcium
2 1 (calcium)
Mitral stenosis.. . .  
Mitral
air 1 0
regurgitation. , . 2 air
1 calcium
3 1 (calcium)
Mitral
regurgitation 
and mitral
stenosis............ 3 air
1 calcium
4 3
18 11
ventricle refills with blood but air may be 
trapped under the mitral leaflets or, less 
frequently, in the ascending aorta. Upon 
removing the cross clamp from the ascend­
ing aorta and resumption of strong ventri­
cular action, air may embolize from these 
two positions into the systemic and coro­
nary circulation.
A further source of air emboli arises dur­
ing operation on atrial septal defects, par­
ticularly of the ostium primum type.1 
When the atria are emptied of blood 
to expose the mitral valve, air is trapped 
occasionally under the cleft septal leaflet. 
Moreover, in the ostium secundum defect, 
significant amounts of air can be trapped 
under the overhanging lateral rim of the 
remaining atrial septum and in the ostea 
of the right pulmonary veins (Fig. 1).
Calcium emboli occur most frequently 
in calcific lesions of the mitral and aortic 
valves. In both lesions calcium fragments 
of varying size may fall unseen into the left 
ventricle and upon resumption of ventricu­
lar action, showers of calcium may reach 
the central nervous system or the coronary 
arteries with disastrous results. Showers of 
tiny emboli may be tolerated without per­
manent impairment of cerebral or myo­
cardial function but also may produce sig­
nificant myocardial infarction and even 
death from electrical instability of the 
heart.
Thrombotic emboli, though relatively in­
frequent, may be dislodged from the left
Fig. 1.—Air trapped in the ostium of the right 
superior pulmonary vein and lateral remnant of 
atrial septum.
atrium during open surgical approach to 
mitral stenosis.2 Moreover, the thrombi 
usually embolize during active attempts to 
remove them rather than by accidental dis- 
lodgment at the time of operation. A fur­
ther danger arises during resection of post­
infarction aneurysms of the left ventricle. 
In these cases, large friable thrombi usually 
fill the aneurysmal sac and attempts to 
clamp and resect the aneurysm may 
dislodge them.3 To prevent this, by-pass 
surgery is used; the aneurysm is resected 
carefully without clamping and any throm­
bus remaining in the left ventricle can be 
wiped away carefully under direct vision.
Silicone (Antifoam) emboli are becoming 
increasingly infrequent but the clinical pic­
ture remains unchanged. The bubble oxy­
genator and, to a lesser extent, the disc 
oxygenator use the defoaming agent, Anti­
foam, to prevent bubbles of blood from 
entering the systemic circulation as emboli. 
Silicone emboli are usually widespread and 
are manifested chiefly in the brain with 
disturbance of sensorium; in the kidneys 
by hematuria or anuria; in the retina with 
hemorrhages, and in the skin by petechiae. 
Such emboli are associated with total body 
perfusions of high volume and of long 
duration, wherein silicone is washed from 
the oxygenator into the arterial system. 
Excessive silicone in an oxygenator con­
tributes substantially to the frequency with 
which these emboli are encountered.
While the overall picture of cardiac sur­
gical emboli shows considerable variation 
depending upon the type, the number and 
the site of lodgment, there are nevertheless 
only two basic clinical pictures. First, is 
the patient who after operation is ex-
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tremely slow to awake and who regains 
consciousness incompletely. Moreover, he 
may remain lethargic and stuporous and 
progress to generalized convulsions, but he 
rarely shows localizing neurological deficits. 
Of the same order, but of slightly less 
degree, is the patient who awakes com­
pletely but who within 12 to 24 hours be­
gins to show gradual impairment of sen- 
sorium; he may have several generalized 
convulsions but rarely lapses into coma. 
Both the immediate and delayed pictures 
suggest widespread cerebral involvement 
which we have attributed chiefly to air or 
silicone emboli.
The second basic clinical picture is seen 
in the patient who regains consciousness 
after operation but who has neurological 
deficits such as hemiplegia, monoplegia, 
aphasia or blindness. Convulsions may de­
velop within one or two days but are not 
usually prolonged or severe. This picture 
suggests a more localized lesion which we 
have attributed to calcium or thrombotic 
emboli.
In attempting to determine the etiology 
of emboli we have found it helpful to corre­
late the postoperative neurological picture 
with the location and type of intracardiac 
lesion present at operation.
T echnique fo r  Prevention of E m boli
In our cases of open-heart surgery, modi­
fication of operative techniques has helped 
to avoid systemic emboli. Following atrio- 
tomy in atrial septal defects, the operative 
field is flooded with carbon dioxide to dis­
place room air with its high nitrogen con­
tent. Since carbon dioxide is more rapidly 
absorbed from the blood, its entrance into 
the systemic circulation is less likely to 
produce permanent tissue damage.
One must never pass a finger across the 
atrial septum unless the right atrium is at 
least half-filled with blood, otherwise air 
can be carried into the left heart and syste­
mic circulation. Also, immediately before 
closing the proximal few millimetres of the 
defect, the right pulmonary veins, just out­
side the pericardium, are massaged to ex­
press any trapped air into the left atrium 
where it can pass into the right atrium with 
ease (Fig. 1). Secondly, once the atrial de­
fect is closed, a 20-gauge needle on a 
syringe is passed across the superior aspect 
of the septum to aspirate air which may 
remain in the left atrium.
In surgery of ostium primum defects, 
after repair of the cleft mitral valve and 
the restoration of competency, the valve 
must be kept covered with blood to pre­
vent siphonage of air into the left ven­
tricle. Subsequently, the technique is con­
tinued as described for ostium secundum 
defects.
Fig. 2.—Catheter in proximal segment of cross- 
clamped aorta.
In open repair of mitral valve lesions 
there is constant danger of air and throm­
botic emboli. Moreover, the necessity of 
maintaining the mitral valve in a dynamic 
state during its repair is so important that 
it precludes the use of cardiac arrest which, 
in turn, would reduce the chances of air 
emboli. To solve this technical problem, 
the ascending aorta is cross-clamped about 
3 cm. distal to the coronary ostia and the 
proximal segment is perfused through a 
polyethylene catheter at 400 c.c./min. 
with blood at 30° C. (Fig. 2). In this man­
ner the valve remains active and no air can 
escape from the left ventricle. When the 
mitral repair is complete, a hollow obtura­
tor or the “pig-tail” type (Fig. 3) is placed 
in the valve orifice to maintain incompe­
tency. Consequently, as the left ventricle
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Fig. 3.—Two types of obturators to maintain 
incompetency of mitral valve.
fills slowly with blood, air (C 0 2) escapes 
into the left atrium to be expelled as the 
left atriotomy is closed. At this point, perfu­
sion of the ascending aorta is stopped and 
the cross-clamp removed.
There is an additional technical point to 
be observed when the left atrium is filled 
with thrombi. The mitral orifice is covered 
with a surgical sponge thus allowing 
thrombi to be caught and removed before 
they pass irretrievably into the systemic 
circulation.
Before using these techniques, central 
nervous system emboli occurred in 20% 
of our patients undergoing open mitral 
valve surgery, whereas since its adoption 
this complication has not occurred.
In aortic valve surgery, particularly sten­
osis or stenosis with regurgitation, calcium 
emboli to the central nervous system and 
coronary arteries are a constant danger, 
while air emboli rarely occur from this site. 
In cases of aortic valve surgery, our tech­
nique has been to cross-clamp and open the 
ascending aorta, after which polyethylene 
perfusing catheters are inserted about 5 to 
8 mm. into the coronary ostia and secured 
by external tapes about the coronary 
arteries (Fig. 4 ). Approximately 150 to 200 
c.c. of blood per minute at 30° C. are 
perfused into each of the coronary 
arteries. After repair, the valve area is 
washed with normal saline and the left 
ventricle allowed to fill slowly. The first 
200 c.c. of blood is discarded and the left 
ventricle refilled; the coronary catheters 
are removed and just before the aortotomy 
closure is completed, the aortic clamp is re­
moved. As blood surges into the ascending 
aorta from above and from the left ven­
tricle below, all pockets of trapped air are 
exhausted and the last suture in the aorto-
\ o  le f t  CoronaruA-
Fig. 4.—Tapes about each coronary artery.
tomy can be closed with safety. Employ­
ing this technique, there have been no cen­
tral nervous system or coronary artery em­
boli in the last 23 patients.
T rea tm en t  of C erebral  E m b o l i
In 500 patients undergoing open heart 
surgery in the Vancouver General Hospital, 
18 have had damage to the central nervous 
system, of which five have had permanent 
sequelae. To deal with these various forms 
of cerebral involvement, three forms of 
treatment now exist.4
1. M oderate hypothermia. Using external 
cooling methods, the patient’s rectal tem­
perature is lowered to 30° C. to reduce the 
damaging effects of cerebral edema and to 
control repeated generalized convulsions. 
Consequently, hypothermia has been re­
served for the severe convulsive state and 
for the occasions when cerebral edema pro­
gresses rapidly in the postoperative period.
2. Diuretics in the form of intravenous 
urea or mannitol are strong osmotic agents 
that effectively control cerebral edema by 
reducing body water. These agents are 
used alone or in conjunction with hypother­
mia, depending on the severity of cerebral 
edema.
3. Sedation, in the form of phenobarbital 
(Luminal), diphenylhydantoin (Dilantin) 
and intravenous thiopental (Pentothal) are 
not only effective anticonvulsant drugs but 
also are used to prevent shivering during 
the induction of hypothermia. The dosage 
and choice of drugs has depended largely 
on the severity and frequency of the con­
vulsions.
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T he follow ing cases illustrate the clinical 
and therapeutic principles involved.
Case 1.— A 5-year-old girl, weighing 17 kg., 
underwent successful closure of an atrial septal 
defect of the ostium secundum type using a 
bubble oxygenator. She regained full con­
sciousness, but 12 hours after the operation 
became incoherent and restless and shortly 
after had repeated grand-mal seizures in rapid 
succession. Following this, she became coma­
tose. Hypothermia to 30° C. was instituted by 
external cooling, using circulating blankets. At 
the same time, 2 c.c. of 2%% intravenous 
Pentothal was administered at the onset of 
each seizure. Dilantin, 100 mg. intramuscu­
larly and Luminal 65 mg., both on a four- 
hourly basis, were added for further control of 
the seizures. Intravenous urea was given in 
the proportion of 1 g./kg. of body weight, 
and produced a diuresis of 600 ml. After 
60 hours, the patient was returned to normo- 
thermia and drug therapy was stopped 
gradually over the next two days. During the 
next six days the sensorium gradually re­
covered. There was no motor or sensory de­
ficits and she was discharged on the eighteenth 
postoperative day with no sequelae. Two years 
later the child is active, progressing well at 
school and has shown no personality changes. 
We believe the cause of this child’s symptoms 
was multiple air emboli and the satisfactory 
outcome was related to early and effective 
therapy.
Case 2.— A 47-year-old woman with mitral 
regurgitation and stenosis was operated upon 
with the aid of the bubble oxygenator. Post- 
operatively she regained consciousness quickly 
but had a left hemiplegia with facial involve­
ment. In the next three days she showed 
periodic disorientation and mild infrequent 
generalized convulsions for 24 hours. Treat­
ment consisted of repeated right stellate gang­
lion blocks for 72 hours. The seizures were 
controlled easily with intramuscular Dilantin 
150 mg. and Luminal 60 mg., both on a four- 
hourly basis for 24 hours. Hypothermia was 
not used because the level of consciousness 
was not significantly disturbed and because of 
the effectiveness of the anticonvulsant drugs. 
After six weeks, there was only slight residual 
weakness of the left hand but the sensorium 
and intellect were normal. Two years after 
operation, the patient died suddenly while 
walking. A postmortem examination showed 
an old calcium embolus in the right middle 
cerebral artery with slight atrophy of the
right cerebral hemisphere. Repair of the 
mitral valve had remained satisfactory with 
no residual regurgitation or stenosis, indeed 
the exact cause of death was not demonstrated.
R esu lt s
I t  is often difficult to assess the effective­
ness of many forms of therapy or to be cer­
tain that they are of the slightest benefit. 
Indeed, hypothermia, diuretic agents and 
sedation are not of proved effectiveness in 
the treatm ent of patients with surgical cere­
bral em boli, and yet one must accept the 
fact that grand-mal seizures and deepening 
coma, if unchecked, result in permanent 
cerebral damage or death.
The basis of this series is 18 patients 
who showed central nervous system deficits 
in the postoperative period before the de­
velopm ent of the special surgical tech­
niques outlined. Ten patients had one or 
two grand-mal seizures within 72 hours of 
operation but had no neurological or ab ­
normal changes in consciousness. The etio­
logical possibilities were numerous and un­
certain in these cases and consequently 
they w ere excluded from the series.
Seven of the 18 patients died in coma 
while undergoing maximal therapy. One 
patient had massive silicone em boli and six 
had air emboli. One of these patients died 
of ventricular fibrillation during the re­
warming phase following hypothermia 
(Table I). At postmortem examination in 
the six fatal cases of air embolism, special 
staining techniques revealed no silicone 
of significance in the various tissues. How­
ever, in the fatality due to silicone emboli, 
abundant m aterial was found in the brain, 
kidneys, liver and skin.'5
Eleven patients in the series survived. 
Tw o had calcium  emboli with left hemi­
plegia and several generalized convulsions, 
w hich w ere controlled by m oderate seda­
tion alone. Mild spasticity of the left upper 
limb rem ained in both patients, while one 
showed a slight personality change which 
was actually considered to be an improve­
ment. T he remaining nine survivors had air 
em boli; seven were severely affected and 
w ere treated with hypothermia for 48 to 72 
hours, heavy sedation and osmotic diuretics. 
T h e other two patients were treated with
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sedation alone. All nine patients recovered 
without sequelae.
Sum m ary  and Conclusions
Eighteen patients with cerebral embo­
lism following open heart surgery are re­
viewed. The type, methods of prevention 
and treatment of these cases is presented 
and the basic clinical f eatures are discussed.
It is better to prevent than to treat cere­
bral embolism. If despite preventive tech­
niques a cerebral embolus occurs and the 
patient fails to awaken completely, becomes 
comatose, has convulsions or motor deficits, 
immediate and intense therapy is impera­
tive if maximal recovery is to be obtained.
References
1. E h r e n h a f t , J. L. et al.: Cerebral complica­
tions of open-heart surgery, ]. Thor. Car- 
diov. Surg., 42: 514, 1961.
2. A l l e n , P. a n d  R o bertso n , R .: Open heart
surgical correction of lesions of the mitral 
valve, Canad. Med. Ass. J., 83: 189, 1960.
3. C o o l e y , D . A. et al.: Ventricular aneurysm
after myocardial infarction, surgical exci­
sion with use of temporary cardiopulmonary 
bypass, J.A.M.A., 167: 557, 1958.
4. D odds, W. A., Jen k in s , L. C. an d  H e r se y ,
L. W.: Management after cardiac arrest, 
Canad. Anaesth. Soc. 8: 561, 1961.
5. C a ssie , A. B., R idd ell , A. G. an d  Ya t e s ,
P. O.: Hazards of antifoam emboli from a 
bubble oxygenator, Thorax, 15: 22, 1960.
Resume
L’auteur traite ici des embolisations qui sont 
susceptibles de survenir lors d’operations a coeur 
ouvert; ces embolies peuvent etre formees par des 
bulles d’air, des particules de calcium, des frag­
ments de thrombus ou du silicone, tel qu’utilise 
sous forme d’antimousse (Antifoam). Au “ Van­
couver General Hospital” ii a ete observe 18 cas 
de ce genre dans une serie de 500 operations car-
diaques. II s’agissait de trois fermetures pour 
persistance de 1’ostium secundum, trois ferme­
tures de 1’ostium primum, une tetralogie de Fallot, 
une communication aorto-pulmonaire, deux ste­
noses de i’aorte, une stenose mitrale, trois insuffi- 
sances mitrales et quatre insuffisauces et stenoses 
mitrales combinees. Les bulles d’air furent re- 
sponsables dans 14 cas de ces embolisations; elles 
sont done de loin la cause la plus importante de 
cette complication et elles ne peuvent etre con- 
trolees que par des precautions de technique 
operatoire. Les embolies ealciques se rencon- 
trent lors d’interventions sur des lesions calcifiees 
des valvules aortiques ou mitrales. Dans les deux 
cas, des particules de calcaire de taille variable 
peuvent tomber dans le ventricule gauche et y 
rester cachees jusqu’au moment ou celui-ci reprend 
sa fonction; e’est alors qu’une veritable averse de 
minuscules particules calcaires peut atteindre le 
cerveau ou la circulation cardiaque avec des effets 
desastreux, tels que troubles cerebraux et infarctus 
du myocarde. Les embolisations par des frag­
ments de thrombus sont relativement peu fre­
quents: ces fragments peuvent etre deloges du 
ventricule gauche lors d’interventions pour stenose 
mitrale ou encore pour resections d ’anevrysmes 
post-infarctus. Les embolisations par silicone anti­
mousse deviennent plus rares grace aux perfec- 
tionnements de la technique: ils sont favorises 
par la longue duree de certaines perfusions et par 
1’utilisation d’une quantite exageree de substance 
antimousse dans l’oxygenateur. La symptomato- 
logie de ces embolisations varie considerablement 
selon sa localisation et d’autres facteurs. II est 
cependant possible de ramener a deux formes 
principales. La premiere forme est celle ou le 
malade met un temps anormalement long a se 
reveiller et ne reprend pas totalement conscience: 
des convulsions generalisees apparaissent parfois, 
mais on ne trouve pas de signes neurologiques de 
localisation. Dans le deuxieme forme, le malade 
se reveille normalement apres l’intervention, mais 
secondairement presente un syndrome neurolo- 
gique deficitaire: hemiplegie, monoplegie, aphasie, 
cecite. Cette demiere forme fait penser a une 
lesion bien localisee correspondant sans doute a 
des embolies calcaires. II est evidemment plus 
facile de prevenir ces embolisations que de les 
guerir: cette prevention est d’ordre technique
chirurgicale. Deux histoires de cas sont exposees 
en detail pour illustrer les possibility de traite- 
ment curatif.
TRAUMA TO NERVES IN LIMBS. James E. 
Bateman. 453 pp. Must. W. B. Saunders Com­
pany, Philadelphia; McAinsh & Co. Ltd., Tor­
onto and Vancouver, 1962. $15.15.
This book has the advantage of being an ac­
count of one author’s experience in treating 
some 2500 cases of peripheral nerve injury. 
Dr. Bateman presents his views upon the en­
tire subject, beginning with the embryology 
of the peripheral nervous system, and covering
the minutiae of clinical aspects of peripheral 
nerve injury, repair, and reconstruction of the 
affected limb.
The chapters dealing with diagnosis, suture 
and prognosis are of particular value to the 
practising surgeon because the injuries that 
involve each major nerve of upper and lower 
extremity are discussed in detail. The book 
should also prove to be of value as a com­
prehensive reference text.
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PERFORATION OF JEJUNAL AND ILEAL NEOPLASMS 
A Survey of the Literature and Case Reports
P. M. HIGGINS, M.A., B.M., F.R .C .S.(Eng.),* GEOFFREY LEHMAN, M.D., F.R.C.S.[C]t 
and H. S. MORTON, O.B.E., C.D., M.Sc., M.R.C.O.G., F.A.C.S., 
F.R.C.S.(Eng.) & [C],t Montreal
Perhaps once or twice in his career the 
surgeon will perform a laparotomy on a 
patient believed to have a perforated viscus, 
and find that the cause of the trouble is a 
perforation of a small intestinal neoplasm. 
Having recently encountered such a case, 
the authors felt it worth while to publish 
the details of it and to review the literature 
concerning perforation of small bowel 
neoplasms. In addition to the authors’ 
case, reports on six others are included. 
These cases were collected during a survey 
of all small bowel tumours from the five 
Montreal teaching hospitals, associated with 
both McGill University and the University 
of Montreal. Further details concerning this 
survey may be obtained from Morton and 
Leonore.30
A den o ca rcin o m a  of t h e  J e ju n u m
and  I l e u m
Perforation of small intestinal carcinoma 
as a cause of death was recognized over 
130 years ago. In 1922, Johnson22 in a 
search of the material in the museum of 
University College Hospital, London, Eng­
land, found drawings of specimens of 
perforated jejunal carcinomas made by Sir 
Robert Carswell in Paris between the years 
1828 and 1831. In 1908, Keyser26 was able 
to find reports of 11 patients with jejunal 
carcinoma, in 3 of whom perforation 
causing death had occurred. He gives no 
information beyond the patients’ ages; all 
were unusually young, two women of 33 
and a man of 36. Keyser’s own case is 
included in Table I. The first case of a
'Senior Surgical Registrar, The London Hospital, 
London, E .l, England. Formerly Assistant Resident 
in Surgery, Royal Victoria Hospital, Montreal. 
tClinical Assistant in Surgery, Royal Victoria Hos­
pital, Montreal.
fChief of Service, Surgery, Queen Mary Veterans 
Hospital, Montreal.
perforation in which death did not result 
is described in the report by Dencks16 in 
1927.
Carcinoma of the jejunum and ileum is 
uncommon, accounting for only about 1% 
of all gastrointestinal carcinomas. The in­
frequency of perforation can be judged by 
the fact that in several large series this 
complication did not occur. Pridgen, Mayo 
and Dockerty,38 in a study of 63 Mayo 
Clinic cases did not find any in which 
perforation and peritonitis had occurred. 
Darling and Welch16 in 23 cases found 
only one perforation, as a localized abscess 
in relation to an ileal carcinoma. Most of 
the cases of free perforations of small bowel 
neoplasms into the peritoneal cavity have 
been published as single case reports. A 
full list of these is given in Table I.
It is generally agreed that the commonest 
type of growth is the annular constricting 
variety, and most of the perforations 
occurred in lesions of this sort. In the case 
described by Brocq,7 the perforation was 
through normal bowel, but in most of the 
other cases the carcinoma itself had ulcer­
ated and perforated. It is, however, usual 
to find a degree of dilatation of the bowel 
proximal to the lesion and in the case 
reported by Stein45 the perforation appar­
ently followed several days of intestinal 
obstruction. Pridgen et al,36 found that 
patients with small intestinal neoplasm 
were of an average age of 49.2 years, and 
had a sex distribution of approximately 
three males to two females. These figures 
differ little from those found in Tables I 
and II. The general trend towards better 
results in recent years is apparent, and it 
is noteworthy that in the 12 patients 
(Tables I and II combined) in whom re­
section was possible, there were 10 sur­
vivors. The two deaths after resection 
occurred in 1939 and 1945. The treatment
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TABLE I.— R e p o r t e d  C a s e s  op P e r f o r a t io n s  o f  C a r c in o m a  o f  the  Sm a l l  I n t e s t in e  t h a t
P ro d u c e d  G e n e r a l  P e r it o n it is
No. Source Age Sex Past history Presentation
Description 
of tumour Survival
1 Keyser (1908)25 38 F Massive 
swelling and 
weight loss
Acute pain 
and vomiting
Massive
jejunal
carcinoma
Died a few hours 
after drainage
2 Venot and 
Parcelier 
(1913)47
37 F Not given Not given Annular 
growth in 
ileum
Autopsy findings
3 Macewen 
(1922)26
20 M Occasional 
crampy pain
Abdominal 
pain and 
vomiting
Pedunculated 
walnut-sized 
ileal tumour
Died following 
enterostomy
4 Dencks (1927)16 42 M Abdominal 
pain and vomi­
ting for 1 year
Sudden severe
abdominal
pain
Small annular 
jejunal tumour
Survived resec­
tion
5 Stein (1937)45 42 M Several years 
of epigastric 
pain
Several days’ 
abdominal 
pain and 
vomiting
Adenocarci­
noma of ileum 
with hepatic 
metastases
Died 5 days after 
enterostomy
6 Salmon (1939)38 58 M Loss of weight 
for 1 month
Acute 
abdominal 
pain and 
vomiting
Annular 
jejunal tumour
Survived
resection
7 Christofferson 
and Jacobs 
(1939)14
48 M None Sudden lower
abdominal
pain
Constricting
jejunal
carcinoma,
metastases
present
Died 4 days after 
resection
8 Brocq (1942)7 61 M Colicky 
abdominal 
pain for 
2 years
Sudden severe
abdominal
pain
Perforation of 
bowel proxi­
mal to jejunal 
growth
Survived
resection
9 Kahn and Bay 
(1942)23
62 F Not given General
peritonitis
Carcinoma of 
jejunum
Autopsy findings
10 Fraser (1945)18 51 M Many years of 
indigestion
Sudden 
epigastric pain
Annular 
jejunal tumour
Died 6 days after 
resection
11 Somerville 
(1931)43
69 M Diarrhea 
for 3 years
Sudden 
abdominal 
pain and 
vomiting
Annular 
growth in 
ileum
Survived
resection
12 Acton, 
Cottrell and 
Davis (1952)1
54 F None Sudden
abdominal
pain
Circular 
indurated 
area in 
jejunum
Survived
resection
13 Giorgi (1958)19 50 M Epigastric 
pain and 
heartburn for 
several years. 
Severe 
recently
Sudden pain 
and vomiting
Neoplastic 
ulcer of 
jejunum
Survived
resection
14 Clarke (I960)11 42 M None Sudden
abdominal
pain
Small jejunal 
tumour
Survived
resection
15 Authors’ Case 1 42 F Abdominal 
pain and 
vomiting for 
7 months
Sudden
abdominal
pain
Annular
jejunal
tumour
Survived
resection
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TABLE I I .—R e p o r t e d  C a se s  o f  C a r c in o m a  of th e  Sm a l l  I n t e s t in e  w it h  P e r f o r a tio n  an d  A bscess
F orm ation
No. Source Age Sex Past history Presentation
Description 
o f tumour Survival
1 Hatcher and
Voldeng
(1937)20
54 F Symptoms of 
anemia for 
1 year
Severe fever 
and cachexia
Polypoid ileal 
carcinoma
Autopsy findings
2 Brocq et al. 
(1955)8
47 M Several 
months of 
vague 
abdominal 
pain
Several days’
abdominal
pain
Jejunal
carcinoma
Survived
resection
3 Alrich et al. 
(I960)4
53 F Not given Abdominal 
distension 
and vomiting
Not given Autopsy findings
4 Authors’ Case 2 54 M Intermittent 
abdominal 
pain for 
4 years
Abdominal
pain,
vomiting and 
constipation
Tumour of 
terminal ileum
Survived re­
section but died 
1 year later
of choice is resection, and in this context 
it should be noted that in some 30% of 
cases where regional lymph nodes are en­
larged, secondary carcinoma is not present 
in these nodes.
The typical clinical picture in small 
intestinal carcinoma is one of crampy 
abdominal pain with evidence of blood 
loss. The average duration of these symp­
toms is about six months. This type of 
history was present in well over 50% of the 
patients shown in Table I. When symptoms 
are present, adequate roentgenography will 
establish the diagnosis in over 80% of all 
cases of small intestinal carcinoma. This 
means that perhaps half of the patients 
listed in these tables could have been given 
the benefit of definitive surgical treatment 
before perforation occurred, had investiga­
tion been adequate.
Perforation into the general peritoneal 
cavity results in a clinical picture which 
should leave no doubt in the observer’s 
mind as to the need for intervention, 
although the preoperative diagnosis has 
usually been that of perforated peptic ulcer 
or perforated appendicitis. Subdiaphrag- 
matic free air was noted on three occasions. 
As would be expected, localized perfora­
tion has a rather more insidious onset and 
is much more difficult to treat successfully 
(Table II). Perforation into adjacent 
viscera, usually the colon or rectum, has 
been reported.
It is not possible to draw any inferences 
regarding long-term survival after perfora­
tion, because most of the patients in Tables 
I and II were followed-up for a few months 
only. In general, for small intestinal car­
cinomas, survival after apparently curative 
procedures is not good; the average is 
about 32 months, and the five-year survival, 
about 25%.
M alignan t  L ym ph o m a s
Estimates of the frequency of perforation 
of lymphosarcoma and reticulosarcoma of 
the jejunum and ileum into the general 
peritoneal cavity vary greatly. In a study 
of the literature, Al-Naaman2 found 12 
perforations in 511 cases, while Faulkner 
and Dockerty17 in a review of 33 malignant 
lymphomas found only one perforation. 
This occurred in a case of Hodgkin’s dis­
ease of the jejunum. On the other hand, 
Irvine and Johnstone21 found the surpris­
ingly high incidence of eight perforations 
(o f which one was localized) in 17 cases. 
Localized perforation, with abscess forma­
tion, seems to be considerably more com­
mon. Darling and Welch15 found eight 
perforations, most of which were localized, 
in a series of 29 malignant lymphomas. A 
similar incidence was reported by Allen 
et al.3
Many isolated case reports of perforated 
lymphosarcomas and reticulosarcomas have
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appeared in the literature. Bradmore and 
Scorer® collected 16 cases and added one 
of their own. Of these 16, two were loca­
lized and associated with abscess forma­
tion, and two had perforated into adjacent 
viscera with subsequent fistula formation. 
Further cases have been reported by 
Wilkie,49 Irvine and Johnstone21 who re­
port 13 in all, Burman and van Wyk,9 Pat­
terson, Callow and Ettinger,33 Sandor,39 
Main,27 Kammel,24 Witt, Feinberg and Gep­
hardt,50 and in the case records of the 
Massachusetts General Hospital.10a Scal- 
vini40 reports a case of his own and cites 
12 others from the Italian literature. Of 
these, one was a perforation into the colon 
with fistula formation, and in another mul­
tiple perforations had occurred. In all, 
some 60 cases of generalized perforation 
and at least 18 of localized perforation 
have been reported.
Of the cases of perforation reported in 
detail, about 50% gave a history of more 
than one month’s duration. The usual story 
was one of colicky abdominal pain, nausea 
or vomiting and loss of weight. In almost 
all, the perforation presented in a typical 
manner with the signs of peritonitis; the 
exception was a patient in whom treatment 
with cortisone was being administered for 
sprue of unknown origin. Here the clinical 
picture was one of high fever and abdomi­
nal cramps, and the diagnosis was not made 
until the presence of subdiaphragmatic free 
air was noted on a radiograph.
Repeated perforation is of some interest, 
having been reported by Bradmore and 
Scorer,® West and Wright48 and Wilkie.49 
In Bradmore and Scorer’s patient, perfora­
tion occurred three times despite apparently 
adequate resection of bowel at the first 
two operations. In the other two patients, 
resection appeared adequate, but enlarged 
lymph nodes were not removed. Sandor39 
found eight simultaneous perforations in 
the jejunum. Such reports serve to empha­
size that in some 25% of cases, lymphosar­
coma of the small bowel is multiple, and 
that careful inspection of the whole small 
bowel must be carried out.
There are three main types of lympho­
sarcoma, the polypoid, the ulcerative, and 
localized thickening, which may be annular
or segmental. Of these, the last two under­
go perforation with almost equal frequency; 
in the ulcerative variety it is most important 
to biopsy the edge of the perforation be­
cause the presence of neoplasm may not 
be readily apparent. A case where even 
this technique proved inadequate is re­
ported by Main. A jejunal perforation was 
found and because biopsy was negative, 
simple closure of the perforation was per­
formed. Further symptoms necessitated 
another laparotomy some five months later 
when the previously perforated zone was 
found to be the site of obvious lymphosar­
coma. Resection was performed. Further 
resection was carried out 14 months later 
and the patient was alive seven years 
afterwards. In view of the extreme rarity 
of spontaneous jejunal perforations, this 
case would seem to point to the conclusion 
that even if biopsy is negative, resection 
should be performed. In contrast to car­
cinoma, practically every patient with 
lymphosarcoma has involvement of the 
mesenteric lymph nodes.
The age incidence of perforation differs 
little from that of lymphosarcoma of the 
small bowel in general, but a much higher 
male to female ratio exists in perforation 
than would be expected. Rather less than 
50% of the patients who perforated were 
alive one month after operation, which 
compared with an operative mortality of 
12% for unperforated lesions.17 There is 
general agreement that resection should be 
followed by  radiotherapy.
Hodgkin’s disease rarely presents prima­
rily as an intestinal lesion. When it does 
so the usual complaint is of crampy ab­
dominal pain. However, diagnosis may be 
made more difficult by the presence of 
only the general manifestations of the 
disease: fever, malaise, anorexia and weight 
loss. Other forms of presentation are re­
ported by Boudin, Barbizet and Brion,® 
where the lesion was an ichthyosiform 
dermatitis, and by Shapira,41 where mal­
absorption syndrome of unknown etiology 
was described. In each of these cases, 
perforation of a solitary small intestinal 
deposit resulted in death. Cohen and 
Canter12 reported two perforations, and 
recommended that in view of the high
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incidence of obstruction or perforation, 
resection of the intestinal lesion should be 
carried out whenever possible before com­
plications occur. In the report by Boudin 
et al., the patient was receiving cortisone 
therapy and the ileal lesion was not sus­
pected. As with perforation of lymphosar­
coma, the operative outlook is bad.
L eio m yo sa rco m a
Relative to its frequency of occurrence, 
leiomyosarcoma of the small intestine prob­
ably undergoes perforation more frequently 
than any other small intestinal neoplasm. 
The most common complications are hemor­
rhage and intestinal obstruction, but per­
foration into the peritoneal cavity is 
reported as a complication in 10% to 
15%.2’ 44 Starr and Dockerty44 noted 
the much greater rarity of this complication 
in benign smooth muscle tumours of the 
intestine. Further cases have been reported 
by Brocq, Poilleux and Tronc,8 Maurer,28 
O’Connor, Bellotte and Courbil32 and in 
the case records of the Massachusetts 
General Hospital.10b In all, 18 cases of free 
perforation of leiomyosarcoma into the 
peritoneal cavity have been reported. The 
tumour is usually firm, reddish or dark 
brown, encapsulated and lobulated. Necro­
sis and ulceration of the tumour is common 
and it appears that on occasion liberation of 
the tumour contents alone, as opposed to 
liberation of bowel contents results in peri­
tonitis. Pierini, Ortega and Banab33 report 
a case in which bacterial peritonitis had 
been caused in this way, there being no 
direct communication between the intesti­
nal lumen and the peritoneal cavity. The 
tumour in this instance was benign. Spread 
occurs only by the vascular route or by 
peritoneal implantation, so that there is no 
need to attempt clearance of the lymph 
nodes when dealing with this type of 
tumour.
O ther N eoplasm s
Picard and Schmitt34 describe a case of 
perforation of a schwannoma and found 
four others in the literature, this represent­
ing an incidence of approximately 10% of 
reported cases. Among these reports was
one in which, following resection of a per­
forated schwannoma, the patient died 
several years later with multiple similar 
growths in the peritoneal cavity. Both 
primary and secondary growths were his­
tologically benign, and they suggest that 
the secondary growths followed upon liber­
ation of cells at the original perforation.
Perforation of a fibromyoma of the ileum 
is mentioned by Neely,31 and of fibrosar­
comas by Al-Naaman,2 Irvine and John­
stone21 and Brocq et al.8 Perforation of 
argentaffin tumours of the small bowel has 
been reported on three occasions, by 
Cooke,13 Stewart and Thomson46 and by 
Simpson and Stewart.42 In each of these 
three cases, a previous history of symptoms 
suggestive of a small intestinal neoplasm 
was present, and the only postoperative 
death was in a case where multiple hepatic 
metastases were present. The other two 
were free of obvious metastases.
Probably rarest of all is perforation of a 
metastatic deposit. Such a case is reported 
by Morgan, Sigel and Wolcott.29 The pri­
mary growth was a bronchial carcinoma, 
and perforation of a hitherto unsuspected 
jejunal metastatic deposit followed one day 
after completion of a course of cancer 
chemotherapy. The patient survived resec­
tion but died some seven weeks later.
C ase R eports
Case 1.— R.M., a 42-year-old woman, was 
admitted to the Royal Victoria Hospital, 
Montreal, with severe pain in the abdomen 
of three hours’ duration. She gave a seven- 
month history of crampy mid-abdominal pain 
with marked borborygmi. During this time she 
had lost almost 20 kg.
On examination, there was diffuse tender­
ness with rigidity of the lower abdomen. Plain 
films of the abdomen showed a small amount 
of free air under the right diaphragm. The 
preoperative diagnosis was a perforated peptic 
ulcer.
Laparotomy disclosed diffuse purulent peri­
tonitis. There was a perforated annular tumour 
about 24 cm. from the ligament of Treitz. The 
mesentery contained many soft enlarged lymph 
nodes, but the liver appeared normal. A resec­
tion of 60 cm. of jejunum was performed, with 
an end-to-end anastomosis. The patient’s post­
operative course was complicated by an abscess 
which was drained per vaginam. She was dis-
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Fig. 1 Fig. 2
Figs. 1 and 2.—Case 1. Low (x70) and high (x400) power views of adenocarcinoma of the 
jejunum. The high power view shows marked anaplasia.
charged home on the eighteenth postoperative 
day. When last seen, six months after opera­
tion, she was well and gaining weight.
Histology showed an adenocarcinoma of the 
jejunum, with infiltration of the muscularis 
(Figs. 1 and 2 ). None of the resected nodes 
contained carcinoma.
C a se  2.— A.L., a 54-year-old man, was 
admitted to Notre Dame Hospital, Montreal, 
complaining of colicky abdominal pain, vomit­
ing and constipation of two days’ duration. 
He gave a four-year history of recurrent 
attacks of abdominal pain and nausea. During 
this time he had lost 20 kg. On examination, 
the abdomen was distended, with generalized 
tenderness and guarding. Barium enema 
showed an obstruction of the terminal ileum.
At laparotomy, serosanguineous fluid was 
found in the peritoneal cavity and a mass, the 
size of a fist, in the terminal ileum. In attempt­
ing to free the mass, yellowish-green pus was 
liberated. A limited right hemicolectomy was 
performed. The patient made an uncomplicated 
recovery and was discharged 17 days later. 
However, he developed metastases and died 
one year later.
Histology showed an adenocarcinoma of the 
terminal ileum, involving all layers of the in­
testine.
C om m ent.—In  both of these patients the 
typical symptoms of pain and loss of w eight 
were present, though there was no evidence 
of anemia. In  each case, symptoms had 
been present for a  considerable period of 
time and it is likely that adequ ate radio­
logical examination would have established 
the diagnosis. In C ase 1, it was believed at 
the time of operation that th e m esenteric 
lymph nodes were involved by tumour. 
However, this was not so, dem onstrating 
the point already m ade th at enlarged 
regional nodes are not necessarily the site 
of metastasis. A com plaint of excessive 
borborygmi ( Case 1 ) was noted by  Pridgen 
et al.3e in a high proportion of cases.
C ase 3.— J.S., an 82-year-old woman, was 
admitted to the Royal Victoria Hospital with 
a 24-hour history of abdominal pain and 
vomiting. For several weeks, she had suffered 
from tiredness, anorexia and constipation. On
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Fig. 3 Fig, 4
Figs. 3 and 4.—Case 3. Low (x70) and high (x400) power views of lymphosarcoma of the ileum.
admission, generalized abdominal distension 
and tenderness were present.
Laparotomy showed acute peritonitis, with 
foul-smelling pus. About 75 cm. from the 
ileocecal valve, there was a thickened area of 
the ileum which was cyanotic. Near the 
mesenteric border was a 6 mm. perforation. 
The mesenteric lymph nodes were enlarged 
and firm. Ninety centimetres of terminal ileum 
were resected, together with all palpably en­
larged lymph nodes. An end-to-end anastomosis 
was performed. The patient made a good 
postoperative recovery, but later the same 
symptoms recurred and examination showed 
several hard irregular abdominal masses. Death 
followed six months after the original opera­
tion.
Histology showed a lymphosarcoma arising 
in the submucosal layer of the ileum and ex­
panding the mucosa inward (Figs. 3 and 4).
Case 4.— R.D., a 40-year-old woman, was 
admitted to the Hotel-Dieu Hospital, Mont­
real, with severe generalized abdominal pain 
of 24 hours’ duration. She gave a past history 
of intermittent colicky abdominal pain for one year.
Laparotomy was performed with a pre­
operative diagnosis of a perforated viscus, and 
showed generalized peritonitis, with an area 
of thickening in the ileum, 7 x 3 x 2  cm. in 
size. Through this, perforation had occurred. 
Resection and laterolateral anastomosis was 
performed and the patient made a good re­
covery. Despite a course of postoperative 
radiotherapy, abdominal metastases developed 
and the patient died 4M months later.
Histology showed lymphosarcoma of the 
ileum, involving all layers, with ulceration and 
perforation.
Case 5.— M.D., a 78-year-old woman, was 
admitted to The Montreal General Hospital 
giving a 12-day history of pain and tenderness 
in the right lower quadrant with abdominal 
distension. Plain radiographs of the abdomen 
showed distension of the ileum.
At laparotomy, peritonitis was found, which 
was due to a perforation of a tumour mass 7 
x 6 x 3 cm. in the terminal ileum. A right 
hemicolectomy was performed, but the patient 
died seven days later.
Histology showed an atypical lymphosar­
coma (possibly leukemia) of the ileocolic
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mesentery with involvement of the ileum, 
localized to the site of perforation.
Case 6.— O.M., a 46-year-old man, was 
admitted to Notre Dame Hospital with 
colicky lower abdominal pain of three days’ 
duration. For the previous month he had 
experienced intermittent abdominal pain.
Laparotomy showed generalized peritonitis 
with a plum-sized tumour of the ileum which 
had perforated at its antimesenteric border. 
Multiple lymph node metastases were noted. 
Resection and laterolateral anastomosis was 
performed, and the patient made a good re­
covery. Postoperative radiotherapy was given 
but he developed generalized metastases and 
died four months later.
Histology showed lymphosarcoma, appar­
ently arising in the submucosa and encircling 
the bowel.
Comment.—These four patients serve to 
demonstrate the poor prognosis that obtains 
in perforated malignant lymphoma of the 
small bowel. All of the patients apparently 
had adequate surgery, although only two 
received radiotherapy. C ase 3 did not re­
ceive further treatm ent because of her age, 
and Case 5 died before further treatm ent 
could b e  given. In  two of these cases, the 
tumour was of the “diffuse thickening” 
variety.
Case 7.— J.P., a 51-year-old man, was ad­
mitted to Notre Dame Hospital giving a two- 
day history of generalized abdominal pain, 
nausea and constipation. There was no relevant 
past history.
Laparotomy showed a large volume of puru­
lent fluid in the peritoneal cavity. Some 60 cm. 
from the ligament of Treitz, there was a per­
forated annular tumour, approximately 4 cm. in 
length. The mesentery contained firm enlarged 
lymph nodes.
Resection and end-to-end anastomosis was 
performed. The patient made a good recovery 
and had no further complaints until three 
years later when he was admitted suffering 
from acute intestinal obstruction. Adhesions 
were divided, but no evidence of tumour could 
be found. Eight years later the patient was 
alive and well.
Histological examination showed a leiomyoma 
of the jejunum, with mucosal ulceration. The 
tumour was well delineated but not encapsu­
lated. No mitotic figures were seen.
Comment.— At first sight this would appear 
to b e  a rare case of perforation of a benign 
smooth-muscle tumour. However, shortly 
after the eight-year follow-up period noted 
above, the patient was readm itted suffer­
ing from subacute intestinal obstruction. 
Barium  follow-through exam ination showed 
no abnorm ality, but tw o small masses w ere 
palpable on rectal exam ination. D espite the 
benign appearance o f the tumour at the 
original histological exam ination, these m ay 
represent recurrent growth. Conservative 
measures w ere successful in relieving his 
symptoms so that an opportunity to obtain 
further specimens did not present itself.
C onclusions
In an extensive review  of the literature, 
Rochlin and Longm ire37 found that car­
cinoma and lymphosarcoma occur in the 
small intestine with approxim ately equal 
frequency. Nevertheless, perforation as a 
com plication has been recorded m ore than 
three times as often in lym phosarcom a as 
in carcinom a. Perforation of leiom yosar­
coma probably occurs as often as p erfora­
tion of carcinoma, despite the higher 
incidence of the latter. A study of the 
literature on the su b ject suggests that the 
probable incidence of perforation w ith 
peritonitis is about 1 0 %  in cases of leio­
myosarcoma, 3% in m alignant lymphoma 
and 1%  in carcinoma.
W hen perforation has occurred, the 
chances of survival are m uch less than when 
the peritoneal cavity is not contam inated. 
Therefore, every effort should b e  m ade to 
achieve an early diagnosis in patients pre­
senting w ith relevant symptoms. T h e  only 
accep table form of surgery is resection. 
W here the lesion appears to b e  carcinom a 
or lymphosarcoma, an attem pt should be 
made to perform a lym phatic clearance. 
Failure to do so, however, in th e presence 
of a carcinoma, does not necessarily result 
in a hopeless prognosis. In  the case of 
leiomyosarcoma, lym phatic clearance is 
considered unnecessary. I f  an apparently 
spontaneous perforation of sm all bow el is 
encountered, the edge of the perforation 
should b e  biopsied and the rem ainder of 
the intestine carefully inspected. E v en  in 
the absence of a positive biopsy report, it
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is probable that a limited resection should 
be performed, unless this procedure is pre­
cluded by advanced peritonitis or other 
adverse factors.
The results of treatment of perforated 
lymphosarcoma are much poorer than those 
of perforated carcinoma. This is probably 
because in many cases carcinoma perforates 
at an early stage, and because the lympho­
sarcoma is frequently of a multifocal nature.
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Resume
II arrive parfois, dans la carriere d’un chirurgien, 
qu’une laparotomie soit effectuee avec le diagnostic 
de perforation viscerale et de trouver en realite 
une perforation d ’un petit neoplasme intestinal. 
Dans le present article, les auteurs precedent a 
une analyse de la litterature sur ce sujet et pre- 
sentent sept histoires de cas. Parmi celles-ci, une 
leur est personnelle et les six autres ont ete tirees 
des archives des hopitaux montrealais connectes 
avec les Universites McGill et Montreal. Le premier 
cas est celui dune femme de 42 ans presentant 
un syndrome abdominal aigu avec un passe de 
troubles abdominaux subaigus accompagne d une 
perte de poids de 20 kg. en sept mois. La 
laparotomie fit decouvrir une peritonite purulente 
generalisee causee par la perforation d ’une tumeur 
intestinale annulaire sise a environ 24 cm. du 
ligament de Treitz. On effectua une resection in­
testinale de 60 cm. de long et les suites operatoires 
furent sans complication. Ici, comme dans le 
deuxieme cas, l’anatomie pathologique montra un 
adenocarcinome du jejunum. Les patients des cas 
3, 4, 5 et 6 presentaient des symptomes aigus 
analogues, mais chez eux la tumeur responsable 
de 1’affection etait de nature lymphosarcomateuse 
et de ce fait, le pronostic et les resultats eloignes 
furent beaucoup plus mauvais; tous ces malades 
succomberent a des metastases dans les six mois 
qui suivirent. Le cas sept est celui d’un leiomyome 
probablement non malin. Dans la litterature on 
trouve des rapports decrivant d’autres types tumo- 
raux: des leiomyosarcomes, des fibremyomes, des 
fibrosarcomes et des schwannomes. On a aussi 
decrit la perforation d’une metastase isolee. En 
ce qui concerne les tumeurs du type epithelial, il 
est a noter que la perforation peut se faire soit 
directement au niveau de la tumeur necrosee ou 
parfois a sa proximite immediate, en tissu sain.
PYE’S SURGICAL HANDICRAFT. 18th ed. Vol. 
II (Special). Edited by Hamilton Bailey with 
the assistance of James Kyle. Foreword by the 
Rt. Hon. Lord Cohen of Birkenhead. 424 pp. 
Ulust. John Wright & Sons Ltd., Bristol; The 
Macmillan Company of Canada Limited, Tor­
onto, 1962. $7.20.
Pye’s Surgical Handicraft will be a familiar 
text to many practitioners, and the eighteenth 
edition appears in two volumes. Volume I is 
concerned with the practical aspects of gen­
eral surgical management, while Volume II 
deals with emergency care and management 
of conditions within the various surgical spec­
ialties. It is aimed at the newly graduated 
doctor, who will find much of value in this 
book during his rotation year, particularly 
when his duties take him into the emergency 
department. Each chapter is a brief but liter­
ate outline of the topic under discussion. 
Much information, which might require con­
siderable time and effort to find elsewhere, is 
presented here in one volume. Some readers 
may regret that no references are given as a 
guide to further reading.
Unified treatment of the investigation and 
management of injuries would improve the 
usefulness of this hook, either by consolidat­
ing the sections dealing with trauma and shock 
in one volume, or by the addition of a sec­
tion on the management of the severely in­
jured patient. Little guidance is given in the 
management of thoracic or major vascular 
injuries, and it is to be hoped that this can 
be remedied in the nineteenth edition. The 
book is a valuable addition to any houseman’s 
library.
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CASE REPORTS
PYELONEPHRITE LITHIASIQUE TUBERCULOIDE
LEONARD BERNIER, M.D., F.R.C.P.JC]* et ARTHUR BEDARD, M.D.,f Quebec, P.Q.
L e diagnostic morphologique de tubercu- 
lose renale est parfois tres difficile a 
affirmer, puisqu’il existe des lesions granu- 
lomateuses dont l’aspect tuberculoide est 
troublant.
Observation
R.W., un liomme age de 45 ans, boucher, 
est admis a l’Hotel-Dieu de Quebec le 2 oc- 
tobre, 1961, pour pollakyurie nocturne et 
diurne associee a une dysurie intermittente. 
Les antecedents familiaux et personnels sont sans interet.
La maladie a debute, il y a 10 ans, par des 
troubles urinaires manifestos par de la polla­
kyurie diurne et nocturne, de la dysurie et des 
urines troubles. Un jour le malade fut pris 
d une envie imperieuse d’uriner mais la mic­
tion fut impossible; puis quelques instants plus 
tard, une pierre grisatre de la grosseur d’un 
petit pois fut emise. II y a cinq ou six ans, 
apparut une crise douloureuse sous forme de 
colique portant de la region lombaire droite 
irradiant vers la flanc et la face interne de la 
cuisse. Cette crise se repeta toutes les 15 mi­
nutes pendant une heure. II y a un mois, le 
patient souffrit pendant deux jours d ’un ma­
laise vague dans la region lombaire droite et 
15 jours plus tard, d’une atteinte grippale 
avec douleurs nocturnes intermittentes dans 
le flanc droit; ces douleurs, en forme de 
coliques, irradiaient vers le scrotum. Ceci dura 
trois jours et le malade se sentit fievreux, eut 
des urines de plus en plus troubles et des bru- 
lures a la miction. A Ten tree l’examen des 
differents systemes ne revela rien de particu- 
lier, si ce n’est une sensibilite a la palpation du 
flanc droit. Le pouls est a 80/minute et la T.A. 138/74.
Examens de laboratoire.—Sedimentation, 
15.75 mm.; mines: couleur jaune citrin, aspect 
trouble, depots-)-, densite 1019, reaction acide; 
albumin, 0.45 g. %; glucose, nil; microscopie, 
pus +  +  +  ; globules rouges, rares; bacteriolo- 
gie directe, pus et cocci gram +  en abondance; 
culture, streptocoque viridans; decompte mi- 
crobien, 32 millions/ml.; azote ureique et
“Premier assistant dans le departement de Patho­logic de 1’Hotel-Dieu de Quebec.
tChef du Service d’Urologie de l’Hotel-Dieu de Quebec.
uree, normaux; formule sanguine: hematocrite, 
40.2; hemaglobine, 14.1 g.; C.G.M.H., 34.9; 
globules rouges, 4,800,000, diametre 6.8 g; 
globules blancs, 7,000, neutrophiles 66%, eo- 
sinophiles 3%, stab. 6%, leukocytes 23%, mono­
cytes 2%.
Une radiographie simple de l’abdomen re- 
vele une grappe de petites calcifications au 
niveau du pole inferieur du rein droit. II est 
cependant impossible d’eliminer une lithiase 
biliaire. A l’urographie intra-veineusse, le rein 
gauche est normal; le rein droit s’opacifie 
lentement et semble augmente de volume. Des 
calices droits dilates apparaissent apres 20 
minutes; l’amas de calculs semble se trouver 
dans un calice inferieur dilate. Apres une 
heure, on voit le bassinet droit dilate. On con- 
clut a une hydronephrose avec pyelonephrose 
et calculose renale droite. A la pyelographie 
retrograde, le rein gauche est normal; a droite, 
le liquide injecte n’opacifie pas l’uretere et re- 
vient dans la vessie. Une radiographie pulmo- 
naire est negative. Le 11 octobre, 1961, on 
procede a une nephrectomie droite.
Pathologic
Macroscopic.— Le rein droit mesure 13.5 x 7 
x 3 cm. La capsule se decode facilement et la 
surface renale est lisse de couleur jaune- 
brunatre. Dans la region moyenne de la face 
anterieure, se trouve un nodule sureleve, 
blanc-jaune, de 1.2 cm. A la coupe du rein, on 
note l’existence de trois cavites de 1.5 a 3 cm. 
correspondant aux calices. A ce niveau, le cor­
tex renal est tres mince. Le reste du tissu 
renal est jaunatre et rougeatre. La face interne 
des calices et du bassinet est recouverte d’un 
enduit blanchatre qui se detache facilement 
par raclage (Fig. 1). Cet enduit s’etend sur 
la muqueuse ureterale sur une longueur de 2 
cm. Le bassinet, tres dilate, contient cinq cal­
culs bruns et aplatis, de 1 cm.
Histologie.—Dans le voisinage du bassinet, 
on trouve des foyers granulomateux follicu- 
laires formes de cellules epithelioides et de 
cellules geantes multinucleees, ayant parfois 
1’aspect de cellules de Langhans; certains de 
ces foyers sont necrotiques dans le centre et 
en peripherie contiennent un infiltrat inflam- 
matoire chronique. Le tissu renal subsistant 
est en partie atrophique. L’epithelium des ca-
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Fig. 1.—Section du rein. Notez 1’enduit blan- 
chatre qui tapisse le bassinet et les calices (leuco- 
plasie).
lices et du bassinet est partiellement remplace 
par un epithelium pavimenteux stratifie epi- 
dermise squameux en surface. En un point, 
le cortex presente une tumeur bien delimitee, 
de structure canaliculaire et papillaire a 
cellules epitheliales cubiques regulieres, a cyto- 
plasme pale et a noyau un peu dense. Le 
stroma fibreux de la tumeur contient ici et la 
des amas de lipophages.
Les suites operatoires sont normales et le 
patient est libere 18 jours apres l’admission.
D iscu ssio n
L ’interet de cette observation provient 
de la pyelonephrite granulomateuse lithia- 
sique, de la metaplasie malpighienne et de 
Fadenome basophile. Cette observation 
semble differer, a premiere vue, des cas de 
Ghosh,3 de Barrie,2 de Mack et Mador,4 
mais elle s’en rapproche en fait beaucoup. 
Dans les cas cites par ces auteurs, il est 
fait mention a plusieurs reprises de zones 
qui, macroscopiquement, ressemblent a des 
lesions tuberculeuses et ils s’appliquent a 
differencier ces foyers des lesions veritable- 
ment tuberculeuses. Les histologistes de- 
crivent les foyers granulomateux comme 
constitutes de cellules geantes multinucleees 
et de cellules epithelioides avec des poly- 
nucleaires, des lymphocytes et des plas- 
mocytes. Entre ces foyers granulomateux,
Fig. 2.—Lesion tuberculoide avec cellules epi­
thelioides et geantes.
on trouve en plus de nombreuses cellules 
lipophagiques. La lesion histologique, dans 
notre cas, est constitute sensiblement par 
ces memes elements, les cellules lipo­
phagiques etant cependant beaucoup moins 
nombreuses. Les lesions granulomateuses, 
et tuberculeuses se ressemblent, par leur 
structure et leurs constituants, ce que nous 
avons voulu exprimer par le terme “tuber­
culoide”. Le passe du malade, la sedimen­
tation globulaire normale, Fabsence de le­
sion pulmonaire a la radiographie, de meme 
que Fabsence de bacilles de Koch sur les 
coupes colorees au Ziehl et a Fauramine 
(fluorescence) nous permettent delim iner 
une etiologie tuberculeuse. La lesion renale 
que nous decrivons etait associee a des 
calculs et l’on sait la rarete de l’association 
de la lithiase renale avec la tuberculose a 
l’exclusion, cependant, des calcifications de 
vieux foyers tuberculeux. Murphy et Fish- 
bein® en rapportent 138 cas dans la litte- 
rature, en 1961, et la frequence varie de 
1.4% a 7 .1% . Dans une serie de 49 cas 
du “John Hopkins Hospital”, de 1930 a 
1955, le pourcentage est de 4 .4% .
Le granulome tuberculoide presente ce­
pendant plusieurs differences avec le 
granulome tuberculeux (F ig . 2 ) .  Les 
cellules geantes, parfois du type de celles
350 CANADIAN JOURNAL OF SURGERY Vol. 6
Fig. 3.—Cellules geantes ayant parfois l’aspect decrit par Langhans mais souvent l’aspect de cellules a corps etranger.
decrites par Langhans, ont plus souvent le 
caractere des cellules geantes, type corps etrangers, ayant des noyaux disposes sans 
orientation et un cytoplasme finement va- 
cuolaire et de densite inegale (Fig. 3). Ces 
cellules geantes peuvent etre isolees en de­
hors des granulomes. Les cellules epithe- lio'ides existent dans le granulome tubercu­
loide, mais leur distribution est souvent 
inegale; ces cellules ont un protoplasme 
assez abondant et rappellent l’histiocyte qui 
existe dans la reaction inflammatoire ba- 
nale. La coloration a l’argent (Laidlaw)4 
de la lesion tuberculoide montre une reti- 
culine plus reguliere et plus dense que 
celle du granulome tuberculeux. Le gra­
nulome tuberculoide presente parfois un 
centre necrotique different de la necrose de caseification des lesions bacillaires; cette 
derniere est dense, acidophile, plutot homo­gene et le plus souvent acellulaire, tandis que la necrose tuberculoide est souvent 
granuleuse, legerement basophile et con- tient frequemment des debris nucleaires. L’inflammation tuberculeuse aboutit sou­vent a des structures cavitaires contraire- 
ment aux granulomes tuberculoides.
La pathogenie du granulome tubercu­
loide decrite dans notre observation est su-
rement la meme que celle des lesions de­
crites par Ghosh, Barrie, Mack et Mador; 
on soupconne une irritation chronique du parenchyme renal par un agent microbien 
ou mecanique, ou encore par les deux en­
semble. On semble accorder une impor­
tance au Bacillus proteus qui a ete isole 
une fois dans les trois cas de Ghosh. Chez 
notre malade, nous avons trouve du Strep- 
tocoque viridans. L’irritation chronique est certainement un facteur important; en 
effet dans plusieurs cas publies il y a une 
lithiase et chez les autres, une dilatation 
du bassinet, consequence probable d’un re­
tard dans l’evacuation renale. L’irritation 
provoque une reaction inflammatoire chro­
nique non specifique avec proliferation de 
cellules macrophagiques et tendance a la 
reparation. Le processus pathologique est 
localise au bassinet, et s’etend vraisembla- 
blement a la partie distale des tubes col- lecteurs renaux. La reaction inflammatoire 
au niveau de ces tubes entraine un retard 
ou un blocage du drainage des produits de 
degradation cellulaire; on aboutit a un pro­
cessus assez semblable a celui de la mastite 
par retention ou apparait une reaction tu- 
berculoide avec parfois des cellules lipo- phagiques (Fig. 4). Un phenomene sem­
blable se reproduit au niveau des trompes
Fig. 4.—Tubes collecteurs dilates contenant une substance granuleuse avec des debris cellulaires.
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Fig. 5.—Un tube collecteur avec une partie de 
l’epithelium intacte et une partie remplacee par 
un follieule tuberculoide.
uterines porteuses de salpingites anciennes 
ou les glandes emprisonnees dans le tissu 
cicatriciel sont accompagnees dune reac­
tion granulomateuse tuberculoide et lipo- 
phagique. La lesion tuberculoide se de- 
veloppe lors de la disparition de l’epithe- 
lium des tubes et de la transformation des 
cellules du stroma en cellules histiocy- 
taires. Quelques auteurs ont pu suivre la 
transformation des fibroblastes en cellules 
lipophagiques.5 Parfois on trouve des tubes 
oil lepithelium est partiellement intact et 
en partie remplace par le granulome tu­
berculoide (Fig. 5 ). La reaction lipopha- 
gique serait due a la haute teneur en 
lipides du tissu renal.
Le cas decrit ici presente en plus un 
important degre de metaplasie pavimen- 
teuse stratifiee du bassinet, des calices et 
dune partie de l’uretere (Fig. 6). Cette 
association est signalee dans les deux cas 
de Barrie.2 La metaplasie du bassinet est 
generalement associee a d’autres lesions. 
En 1956, Abeshouse et Tankin1 ont trouve 
cent cas dans la literature. Plusieurs 
theories ont ete avancees quant a. l’etiolo- 
gie, mais la plus largement admise est celle 
de Pirritation ou de l’infection de longue 
duree, comme proposee par Haythorn.1, 7 
L ’irritation, principale etiologie de la pye-
Fig. 6.—Paroi du bassinet avec metaplasie epi- 
dermoide de l’epithelium.
lonephrite tuberculoide, est egalement la 
cause de la metaplasie de Pepithelium du 
bassinet. Enfin, le rein de notre malade 
etait porteur d’un adenome basophile de 
1.2 cm. (Fig. 7). Cette tumeur n’avait pro- 
voque aucun trouble et fut simplement une
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Fig. 7.—Adenome basophile. Notez les struc­
tures canaliculaires et papillaires et les lipophages 
dans le tissu interstitiel.
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trouvaille d’examen de piece. De telles tu- 
meurs existent souvent dans les reins atro- 
phiques et mesurent alors a peine quelques 
millimetres;5 elles sont certainement tres 
rares, associees a une pyelonephrite tuber- 
culoide calculeuse avec metaplasie pavi- 
menteuse stratifiee du bassinet.
C onclusion
Nous avons cru interessant de rapporter 
une observation de pyelonephrite lithia- 
sique granulomateuse d’aspect tubercu- 
loide. A partir de constatations morpholo- 
giques, nous avons tente d’en expliquer la 
pathogenie en comparant ce cas a ceux de- 
crits dans la litterature sous le nom de pye­
lonephrite chronique avec modifications 
xanthogranulomateuses ou granulomes a 
cellules lipophagiques. L ’interet de cette 
observation reside egalement dans une me­
taplasie malpighienne des calices et du 
bassinet et la presence d’adenome cortical 
basophile associes a la pyelonephrite granu­
lomateuse.
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Su m m a r y
A case of pyelonephritis with lithiasis is re­
ported in which granulomatous lesions were found. 
These lesions were morphologically and histologi­
cally very similar to tuberculous lesions, although 
not of tuberculous origin, as demonstrated by the 
clinical history and the laboratory examinations. 
The nodules contained epithelioid and giant cells 
corresponding to those described in foreign-body 
granulomas. Lipophagic cells were also present. 
All of these lesions were associated with a strati­
fied squamous (epidermis-like) metaplasia of the 
epithelium of the excreting tubules of the kidney. 
Such nodules are probably due to chronic irrita­
tion or inflammation of the calyces. The features 
allowing differential diagnosis between tuberculous 
and tuberculoid pathology are discussed.
RECOVERY FROM A CEREBRAL ASPERGILLUS ABSCESS 
METASTATIC FROM A PRIMARY FOCUS IN THE LUNG”
E. B. HENDRICK, M.D., F.R.C.S.[C] and P. E. CONEN, M.B., B.S., M.R.C.P.(Lond.),
Toronto
F ungal cerebral abscesses are uncommon 
and those caused by aspergillosis are es­
pecially rare. They are usually due to ex­
tension from an Aspergillus infection in a 
sinus, and the authors have found only 
three cases reported with metastasis from 
a primary focus in the lung.1’ 2> 6
The case reported here was most unusual 
in that the patient recovered completely 
in spite of a cerebral metastatic abscess.
“From the Departments of Surgery and Patholo­
gy, The Hospital for Sick Children, Toronto, and 
University of Toronto.
The non-neurological aspects of this case 
have already been fully reported3 and only 
a short summary of them will be given.
C a se  R ep o r t
A 7/2-year-old girl presented with chest pain 
and fever in February 1957 and a chest-wall 
abscess and radiographic evidence of consoli­
dation of the right middle lobe developed. 
The abscess was incised and Aspergillus fumi- 
gatus was cultured from its contents. Over 
the next 15 months the child had draining 
sinuses in the chest and radiological evidence 
of extension of the disease in the lung. Ex-
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cision of the affected area of the lung was not 
possible because of heavy bleeding from 
granulation tissue in the pleural space. Courses 
of treatment with penicillin, potassium iodide, 
oral and intrapleural nystatin and systemic 
amphotericin-B did not produce any immedi­
ate effect. She was discharged in April 1958 
with a poor prognosis because her chest dis­
ease continued unabated, with radiographic 
evidence of involvement of the entire right 
lung and multiple draining chest sinuses. No 
antibiotics were administered to this child at 
home; over a period of several months she 
gradually improved and by October 1958 
was able to play out of doors. The chest sinuses 
finally healed completely by July 1959.
Neurological Aspects
The first neurological manifestation occurred 
on December 28, 1957, when the patient had 
a short generalized convulsion. She returned 
to full consciousness and subsequent examina­
tion showed no evidence of neurological deficit. 
An electroencephalogram (EEG ) was per­
formed and showed a diffuse abnormality in 
the right frontal region, which became less 
marked on further weekly studies. In spite of 
the electroencephalographic abnormality there 
was nothing to suggest intracranial organic 
disease and radiographs of the skull were nor­
mal.
On February 4, 1958, the patient had a 
second short convulsion without residual neuro­
logical signs. Cerebrospinal fluid obtained at 
lumbar puncture on February 5 showed 25 
lymphocytes per c.mm. and a protein of 35 
mg. %; bacterial cultures were negative. E lec­
troencephalograms made on February 6 and 
8 showed irregular medium and high-voltage 
slow waves, particularly over the right frontal 
region.
At the beginning of March she developed 
diffuse frontal headaches and anorexia. On 
March 10 the patient became lethargic and 
developed projectile vomiting. A radiographic 
series of the paranasal sinuses showed some 
density in the left maxillary sinus suggestive 
of a mucous cyst, and there was slight mucosal 
thickening in the left ethmoid sinus. One day 
later she appeared to be seriously ill with 
nuchal rigidity, bilateral papilledema and a 
lower facial paresis but the remainder of the 
neurological examination was normal. An EEG  
showed a grossly abnormal pattern with high- 
voltage slow-wave activity over the right 
hemisphere and to a lesser degree over the 
left side. The maximum abnormality was over 
the right frontal region.
Fig. 1.—Cut surface of the cerebral abscess, 
5 x 4 x 3  cm.
The same day a right frontal craniotomy 
was performed and a large thick-walled ab­
scess removed from the right frontal lobe. 
There was gross cerebral edema associated 
with the abscess which required the adminis­
tration of 50% glucose intravenously for its 
control before the dura could be opened. 
Before removal, a brain needle was inserted 
into the frontal lobe and a firm mass was en­
countered in the parasagittal region, 2 cm. 
posterior to the right frontal pole. The abscess 
wall was penetrated and approximately 4 ml. 
of yellow-green pus was aspirated. Because of 
the thickness of the capsule and inability to 
further empty the abscess, a cortical incision 
was made down to the capsule and the abscess 
was dissected free. No normal brain tissue was 
removed and complete closure was obtained 
without drainage.
Within 48 hours the patient was alert and 
fully orientated with marked reduction in the 
papilledema and left facial weakness. Over 
the next two weeks there was complete reso­
lution of neurological signs.
The specimen measured 5 x 4 x 3  cm. and 
the cut surface showed a multilocular abscess 
containing a thick yellow-green fluid (Fig. 1 ). 
Sections revealed masses of mycelia surrounded 
by acute inflammatory infiltrate and other 
areas with necrotic debris only. The abscess 
was surrounded by foreign-body giant cells 
and many gitter cells (Figs. 2 and 3 ) .  There 
was a dense gliosis of the outer portion of the 
specimen. Smears from the abscess showed 
inflammatory cells and fragments of septate 
hyphae but cultures of it were sterile.
354 CANADIAN JOURNAL OF SURGERY Vol. 6
Fig. 2.—Abscess containing mycelia and surrounded by foreign-body giant cell reaction 
and enclosed in a thick-walled capsule. (Periodic acid-Schiff stain x 120.)
Fig. 3.—Abscess centre showing mycelia and chlamydospores. (Periodic acid-Schiff 
stain x 800.)
The further postoperative neurological 
course in this patient was uneventful and the 
scars healed without the formation of any 
sinuses. For six months after operation she
received diphenylhydantoin ('Dilantin) and had 
no seizures. No neurological symptoms de­
veloped and 10 months later an EEG showed 
a right frontal lobe epileptogenic focus.
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The child was last seen in December 1961 
at 12 years of age and had had no neurologi­
cal symptoms or seizures. A detailed neuro­
logical examination was normal and she was 
a happy, well-adjusted child, maintaining her 
grades at school.
D iscussion
The rarity of a fungal cerebral abscess, 
metastatic from the chest, may lead to de­
lay in definitive diagnosis. In the present 
case the signs and symptoms of the abscess 
were similar to bacterial cerebral abscesses.
The initial presentation with a convul­
sive episode and a focal EEG abnormality 
should have indicated the probability of a 
cerebral abscess. The subsequent develop­
ment of headache, drowsiness and vomit­
ing, accompanied by bilateral papilledema 
and marked increase in the EEG abnorm­
ality with a primary focus of infection in 
the chest, made the clinical diagnosis of 
brain abscess almost certain. The presence 
of an abscess was confirmed at operation. 
Sections demonstrated a fungus histolog­
ically identical with the culture-proved 
Aspergillus found in the chest lesions. At­
tempts to culture the fungus from the brain 
abscess were unsuccessful. This failure may 
be related to the previous specific antibi­
otic therapy.
Other cases of Aspergillus cerebral ab­
scess include a report by Cawley,1 which 
refers to the same patient as Peet4 de­
scribed. Both reports describe a 7V2-year- 
old boy who died with disseminated asper­
gillosis, having had chest symptoms and 
signs from two weeks of age. A cerebellar 
abscess was drained at 7% years but the 
child died with pneumonia. Grcevic and 
Matthews2 reported the case of a 22-year- 
old man who was admitted in a comatose 
state with a three-month history of chest 
symptoms and fever. A brain abscess was 
suspected but the patient died within two 
days despite ventriculostomy. David et al.5 
describe the total excision of an Aspergillus 
amstelodami abscess of the temporal lobe 
from a 42-year-old woman. Her condition 
had improved three months after opera­
tion.
Multiple Aspergillus granulomas of the 
brain and meninges were found by Akko- 
yunlu and Yucel6 in an autopsy on a 20-
day-old infant who had had respiratory and 
neurological signs. The cerebral lesions 
were presumed to have occurred from fun­
gous embolism to the brain from the thorax. 
Cases such as the two reported by Jack- 
son, Earle and Kuri7 are more difficult to 
interpret because a fungus was not cultured 
and histological identification of Aspergillus 
is uncertain, as shown by Weed and Dah- 
lin.8
The initial neurological manifestation in 
the present case was a convulsive episode. 
This has not been reported in previous 
cases of Aspergillus cerebral abscess.
At operation an unsuccessful attempt was 
made to decompress the lesion by aspira­
tion and a primary excision was performed. 
Had the decompression by aspiration been 
successful, it is debatable whether the cus­
tomary instillation of antibiotics would 
have been of any value since the response 
of the pulmonary lesion to antibiotics was 
so poor.
Su m m a r y
A case of metastatic cerebral Aspergillus 
abscess treated by total excision and re­
covery has been reported.
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R esume
Histoire d’un cas. En fevrier 1957, une petite 
fille de sept ans et demi est soignee pour un syn­
drome d’abces pulmonaire; le pus contient des 
spores d ’Aspergillus fumigatus. La malade a ete 
soumise a im drainage continu pendant une quin- 
zaine de mois associe a une therapeutique anti- 
biotique: penicilline, iodure de potassium, mysta- 
tine per os et intra-pleurale, amphotericine B, Ce 
traitement ne donne que de faibles resultats et 
l’enfant presente une atteinte de son parenchyme 
pulmonaire dans une region qui n’est mal- 
neureusement pas resequable a cause de l’exis- 
tence d’un tissu de granulation pleural qui saigne 
abondamment; elle est renvoyee a domicile en 
avril 1958, sans traitement pendant plusieurs 
mois; cependant son etat s’ameliore lentement et 
l’orifice de drainage est completement ferme en 
juillet 1959. Superpose a ce syndrome pulmonaire, 
un syndrome neurologique se developpe progres-
sivement. En decembre 1957, la malade a pre­
sente une crise de convulsions generalises de 
courte duree; cette crise s’est repetee en fevrier 
1958. En mars de la meme annee, apparaissent 
des cephalees diffuses et de Fanorexie; un mois 
plus tard, l’enfant devient lethargique et a de 
frequents vomissements. L ’examen neurologique 
decele une rigidite de la nuque, un oedeme pa- 
pillaire bilateral et de grosses anomalies electro- 
encephalographiques localisees principalement au 
niveau du cerveau droit en avant. On pratique 
une craniotomie frontale droite qui permet l’abla- 
tion d’un gros abces a parois epaisses situe dans 
le lobe frontal. Dans les 48 heures qui suivirent, 
l’etat general s’ameliora considerablement, et dans 
les deux semaines post-operatoires, les signes 
neurologiques disparurent totalement. Les abces 
cerebraux metastatiques d ’un abces pulmonaire a 
Aspergillus sont tres rares; on n’en trouve qu’une 
dizaine de cas decrits dans la litterature.
OSTEOCHONDRITIS DISSECANS 
A Report of Two Cases
D. A. GIBSON, M.D., F.R.C.S.(Eng.) & [C ],“ Toronto
W hen a patient appears with a sore knee 
and osteochondritis dissecans is diagnosed 
radiologically, the surgeon may well won­
der how long the lesion has been there; or 
when it is discovered incidentally, he may 
wonder how  long it will remain asympto­
matic. Again, if he removes an osteochon­
dral fragment, the surgeon may wish that 
he could examine the underlying lesion at 
a later date to determine the natural course 
of repair once the fragment has been re­
moved. The two cases reported here will 
serve to inform such curiosity, although 
this paper will hardly satisfy it completely.
Osteochondritis dissecans of the knee 
occurs most commonly on the medial fe­
moral condyle,1 but in adults, particularly 
in relation to trauma, it also affects the 
lateral femoral condyle.2 The two patients 
described herein were adults, and the 
lesions of both were located anteroinferior- 
ly on the lateral femoral condyle, a most 
exposed part o f the bent knee.
“ 1 Chestnut Park Road, Toronto 5.
Case R eports
Case 1.— In 1961 a 39-year-old veteran 
complained of pain in the outer part of the 
left knee. Seventeen years before, roentgeno­
grams taken of the left knee after a gunshot 
wound had shown a small area of osteochon­
dritis dissecans of the left lateral femoral con­
dyle (Fig. 1). In 1959, a tom left medial 
meniscus was removed because of recurrent 
locking, swelling and pain in the knee, with 
complete relief of his symptoms. In 1961, 
pain and tenderness, which had been present 
for seven months, became localized for the 
first time to the lateral side of the joint; in 
fact, specifically to the area of osteochondritis 
dissecans.
The lesion was exposed and presented the 
classical picture of an almost detached flake 
of opaque white degenerate cartilage with dead 
bone attached to its deep surface. The dead 
bone was obscured by scar tissue on the under­
side. The fragment was removed and examined 
histologically (Fig. 2 ). The patient’s recovery 
was rapid.
Case 2.— The second patient was a 35- 
year-old veteran who sustained a gunshot
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Fig. 1.—Case 1. Osteochondritis of the lateral 
femoral condyle. The radiological appearance of 
this lesion had not changed significantly in 17 
years, and was seen in films made in 1944, 1959 
and 1961. The second arrow marks a small metal­
lic foreign body which presented in different sites 
in different films, and presumably entered the 
knee at the time of the 1944 injury.
wound of his right knee in 1944. The wound 
was probed and closed under local anesthetic 
without opening the knee joint. Three years 
later a partially loose osteocartilaginous body 
was removed from the lateral condyle o f this 
knee; after this he was comfortable and had 
full function of the knee.
Early in 1961 he developed an aching pain 
in this knee. Clinical examination of the knee 
was normal apart from the presence of scars. 
Roentgenograms taken at this time showed an
Fig. 2.—Case 1. A small piece of dead bone en­
closed in degenerate cartilage.
Fig. 3.—Case 2. Osteochondritis of the lateral 
femoral condyle. The 1961 roentgenogram showed 
a well-defined notch in the silhouette of the lateral 
femoral condyle.
Fig. 4.—Case 2. Degenerate fibrocartilaginous 
repair tissue which was removed from the defect 
in the articular surface where it was lying, 
attached at one edge only.
[
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irregularity o f the lateral femoral condyle, in 
a site deep to the original w ound scar (Fig. 3).
At arthrotomy the lateral fem oral condyle 
was found to have a defect partially filled with 
fibrous tissue and covered by a flap o f degen­
erate fibrocartilage attached on the lateral 
aspect only. This degenerate fibrocartilage was 
rem oved; it contained no bone microscopically 
(F ig . 4 ) .  The subsequent recovery o f this pa­
tient was rapid.
D isc u s sio n
The interesting feature about the first 
patient is that he had radiological evidence 
of osteochondritis dissecans of his left 
femoral condyle for 17 years. Green and 
Banks1 describe healing of protected lesions 
in children. However, the lesion in Case 
1 was not protected and it did not heal; 
neither did it separate or cause pain; it 
just lay dormant. Examination of the frag­
ment, which was removed, showed a small 
piece of dead cortical bone with degener­
ate hyaline cartilage superficial to it and 
degenerate fibrocartilage deep to it. Fig. 2 
was prepared from the edge of the speci­
men to show all three layers. Smillie2 re­
cords a larger lesion which was thought to 
have been present for eight years, but no 
previous report has been encountered 
where this lesion has been present for 17 
years.
The second man had a bony defect and 
a history in 1944 most suggestive of a small 
tangential osteochondral fracture giving 
rise to an almost completely loose body 
which was removed in 1947. A recurrence 
of this patient’s complaints in 1961 afforded 
an unusual opportunity to view and re­
move for microscopical examination the 
fibrocartilage which had appeared in the 
defect. This fibrocartilage may have been 
well on the way to providing a satisfac­
tory repair material when a further minor 
and forgotten blow loosened it and inter­
rupted most of its blood supply. In any 
case, it became loosened and then of itself 
produced symptoms.
SuM M ABY AND CONCLUSIONS
An examination of two patients suffer­
ing from osteochondritis dissecans shows 
that this lesion may remain quiescent for 
as long as 17 years. The repair tissue form­
ing in the defect left by the removal of an 
osteochondral fragment may itself become 
partially detached and cause symptoms.
These patients were admitted to Sunnybrook 
D.V.A. Hospital, Toronto, under the care of Dr. 
Glen McDonald, whose interest stimulated this 
case report. That previous radiographs and rec­
ords of both patients were readily available is a 
tribute to the record system of the Department of 
Veterans Affairs.
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R e s u m e
L’auteur presente ici deux cas d’osteochondrite 
dissequante. Dans les deux cas il s’agit d’anciens 
blesses de guerre ayant souffert de blessures de 
balle de fusil au genou et qui presentaient un 
re veil de leurs douleurs. Les examens radiologiques 
permirent un diagnostic facile des lesions qui 
furent resequees; les deux patients furent rapide- 
ment gueris. Ce qui est particulierement interes- 
sant chez le premier malade, c ’est qu’il etait por- 
teur d’une lesion d’osteochondrite dissequante pen­
dant 17 ans, qui ne guerit jamais spontanement. 
L’examen du fragment osteocartilagineux reseque 
de son condyle femoral gauche montra une piece 
d’os cortical mort entoure en surface de cartilage 
hylain degenere et en profondeur de fibrocartilage 
egalement en degenerescence. Dans le second 
cas, le malade avait eu en 1944 une fracture 
parcellaire de son condyle lateral droit: ce frag­
ment osseux forma un corps etranger quasi-libre 
qui fut enleve en 1947. En 1961 une reprise des 
douleurs necessita une seconde intervention et per­
mit un examen detaille du fibrocartilage qui avait 
comble la perte de substance osseuse; ce cartilage 
aurait probablement pu remplir adequatement sa 
fonction de remplacement s’il n’avait ete coupe 
de ses connexions vasculaires en cours de crois- 
sance, ce qui provoqua sa necrose.
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ENTEROLITHIASIS WITH MULTIPLE TUBERCULOUS STRICTURES0
A. PRAKASH, M.S., F.R.C.S.[C], F.A.C.S., F.I.C.S., B. C. BAPNA, F.R.C.S.[C],
B. S. RAO, M.B., B.S. and R. C. CHAWLA, M.B., B.S., New Delhi, India
P r im a r y  enterolithiasis is rare. At the time 
of review only 50 cases of this condition 
could be found in the literature.1'5, ~'2‘ 
Though tuberculous strictures of the small 
bowel are quite common in India, associ­
ated enteroliths are uncommon. O f the 50 
cases referred to above, only nine had 
tuberculous stenotic lesions in addition to 
enteroliths.3,5- 13, 16, 22, 25
Case Report
D.R., a 36-year-old man, was admitted to 
the Institute Hospital, New Delhi, on June 4, 
1962, with dysuria, frequency and the occa­
sional passage of dark urine for the previous 
two years. There was no history suggestive of 
renal or ureteric colic. In addition, he com­
plained of recurrent bouts of vague abdominal 
pain, distension and occasional vomiting for 
the past IV2 years. Pain was aggravated after 
meals and often relieved by vomiting or pas­
sage of flatus. Between the episodes of pain, 
he was comparatively free of symptoms except 
for some low-grade fever. Recently the 
attacks of pain had become more frequent.
There was no previous history of dyspepsia, 
flatulence, jaundice or tuberculosis, either 
glandular or pulmonary.
Examination revealed a thin, moderately 
well-nourished man with normal pulse and 
oral temperature. The abdomen was thin- 
walled and soft and showed palpable loops of 
bowel. On deep palpation there was tenderness 
in the right iliac fossa and hypogastrium but 
no masses were felt. The liver was just palp­
able below the costal margin. There was no 
free fluid in the peritoneum. Normal bowel 
sounds were heard on auscultation all over the 
abdomen. Respiratory and cardiovascular sys­
tems were normal. Rectal examination did not 
reveal any abnormality.
Laboratory investigations.— Hemoglobin was 
9.5 g. % and the erythrocyte sedimentation 
rate, 40 mm. in one hour. The total and differ­
ential white cell counts were normal. The 
urine analysis was: specific gravity 1.024, dark 
in colour, sugar and acetone absent, albumin 
in traces, pus cells 1-2 and red blood cells 2-3
“ From the Department of Surgery, All India In­
stitute of Medical Sciences, New Delhi, India.
per high power field. The total plasma proteins 
were 5 g. %. Other liver function tests were 
within normal limits. A radiograph of the 
chest demonstrated an old healed tuberculous 
lesion in the right apex. The Mantoux test was 
positive. The sputum contained no acid-fast 
bacilli. A flat plate of the abdomen showed a 
2 x 2  cm. dense shadow above the symphysis 
pubis which was very suggestive of a vesical 
calculus (Fig. 1).
Fig. 1.—Plain radiograph showing the density in 
the region o f the urinary bladder. Vesical calcu­
lus?
In view of the history of dysuria and fre­
quency, the passage of dark-coloured urine and 
the radio-opaque shadow in the region of the 
bladder on radiological examination, a diag­
nosis of vesical calculus was considered. Cysto­
scopy was not done. Because of the great fre­
quency of vesical calculi in this part of India, 
cystoscopy is not routinely performed in these 
cases. Diagnosis is often made on the basis 
of the clinical features, urine analysis and 
radiological appearance.
As an explanation of his abdominal com­
plaints, chronic or subacute intestinal obstruc­
tion, probably owing to tuberculous strictures 
or adhesions, was suspected on clinical 
grounds. The frequency of tuberculosis as the 
cause of intestinal obstruction in India, low- 
grade fever and evidence of healed lesion in 
the lungs constituted the principal support for 
this diagnosis.
While the patient was being investigated for 
possible bowel pathology, he developed agon-
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Fig. 2.—Barium meal showing the calculus lying 
in the region of the small bowel.
izing hypogastric pain and was unable to pass 
urine on June 7, 1962. There was some full­
ness in the suprapubic region and the bladder 
appeared to be slightly distended. On the 
strength of the previously entertained diagnosis 
of vesical calculus and the acute symptoms, the
Fig. 3.—Barium enema showing the density ly­
ing in the right iliac fossa.
Fig. 4.—Post-evacuation film showing the stone 
in the left hypochondrium.
junior resident on duty performed a supra­
pubic cystostomy. However, no stone was 
found in urinary bladder.
The next morning a flat plate of the abdo­
men was again made and showed the same 
opacity, which was now lying in the right iliac 
fossa.
Barium studies performed on June 15, 1962, 
demonstrated that the density was migrating 
in the lumen of the bowel (Figs. 2, 3 and 4). 
Multiple strictures of the small intestine were 
also discovered.
The patient was operated upon on June 19, 
1962, because of strictures of the small 
bowel. A fibrinous peritoneal exudate was en­
countered; the terminal 2 feet of ileum and 
the ileocecal junction were congested, thick­
ened and covered with tubercles. There were 
six strictures in the involved ileum, involving 
almost the entire circumference of the gut. 
The bowel proximal to the most proximal 
stricture was dilated and contained an entero­
lith which was freely movable in the lumen. 
The mesenteric nodes were enlarged and fleshy 
but did not show any calcification. The region 
of the gallbladder and common duct was care­
fully explored. There were no adhesions in 
the neighbourhood of the gallbladder, com­
mon duct or duodenum. The gallbladder was 
thin-walled and smooth and appeared to be
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Fig. 5.—Resected segment of the bowel with 
strictures and calculus.
perfectly normal. No gallstones could be pal­
pated. The common duct was not dilated and 
the duodenum was free from any scar­
ring or adhesions. The stomach, the colon and 
the rest of the small bowel were normal. The 
liver looked unremarkable.
A segment of the involved ileum including 
all of the strictures and the cecum were re­
sected (Fig. 5). Intestinal continuity was estab­
lished by an end-to-end anastomosis between 
the cut end of the ileum and ascending colon.
The postoperative course was uneventful 
and the patient was discharged after eight 
days on an antituberculous regimen.
The oval stone, an enterolith, was dark green 
in colour with a granular surface and mea­
sured 3 x 2 x 1.5 cm. The cut surface 
showed a lamellated appearance (Fig. 6). It 
was found to consist predominantly of vege­
table matter, calcium phosphate and bile pig­
ments. The resected bowel and glands showed 
typical tuberculous granulomas with caseation.
The patient was seen on October 24, 1962, 
for follow-up examination. He felt well and 
had put on 15 lb. in weight. There were no 
complaints pertaining either to the gastroin­
testinal or urinary systems.
D iscussion
Foreign bodies in the bowel may be ex­
ogenous and endogenous. The latter consist 
chiefly of gallstones, which occur as a 
secondary feature, and true enteroliths, 
which are composed of cholic acid and cal­
cium salts. Fecaliths, trichobezoars and 
phytobezoars are regarded as false entero­
liths. The exclusion of organic biliary dis­
ease by careful exploration and by chemi­
cal constitution of the stone points towards 
the primary nature of the enterolithiasis
Fig. 6.—Enterolith showing lamellated appearance.
in this patient. The tuberculous strictures 
seem to be responsible for the formation 
of the enterolith by precipitation of bile 
constituents and calcium phosphate around 
an organic nucleus. There is no adequate 
explanation for his urinary complaints. 
Since there was a marked relief of these 
symptoms following the antituberculous 
therapy, it may be postulated that there 
was some tuberculous involvement of the 
urinary tract also. However, there is no ob­
jective evidence to support this supposi­
tion.
The causes of formation of primary in­
testinal calculi may be many. Besides fac­
tors like chronic intestinal obstruction, the 
formation of insoluble constituents and the 
alteration of intestinal pH, leading to pre­
cipitation of salts on the organic nucleus of 
vegetable matter or fruit seeds, have to be 
kept in mind.
Enterolithiasis is reported to be more 
common in women,3 although this patient 
was a man. These foreign bodies are com­
monly discovered in the pelvic colon, ter­
minal ileum and diverticula of the small 
bowel. Enteroliths, usually formed in the 
upper reaches of the bowel, duodenal or 
jejunal diverticulum, are mainly composed 
of cholic acid.3 The calculi formed in the
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lower ileum have calcium as their principal 
constituent and are usually associated with 
a stenotic lesion of the bowel, such as 
tuberculous strictures, or Crohn’s disease.
The usual presentation as subacute or 
acute intestinal obstruction is also seen in 
the present report. A radiograph of the ab­
domen may reveal a radio-opaque foreign 
body, moving with change of posture. 
Often the diagnosis is confirmed at opera­
tion, as in our patient. The diseased state 
of the bowel may require resection, as well 
as removal of the calculus.
Su m m a r y
A case of primary enterolithiasis associ­
ated with tuberculous strictures of the 
small bowel is reported. The clinical fea­
tures are described and the pertinent litera­
ture is reviewed.
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R esu m e
Histoire d’un cas. Un homme de 36 ans est ad- 
mis au “Institute Hospital” de la Nouvelle Delhi 
en juin 1962, presentant de la dysurie depuis en­
viron deux ans. Rien ne fait penser a des coliques 
renales ou ureterales; de plus le malade se plaint 
de crises douloureuses abdominales, de ballonne- 
ment et parfois de vomissements. Tous ces symp- 
tomes survenaient par periodes, et ces periodes 
sont devenues de plus en plus rapprochees. A 
l’examen physique, il s’agit d’un homme mince 
en etat de nutrition relativement satisfaisant. La 
palpation de Fabdomen provoque une douleur 
dans la fosse iliaque droite, mais on ne sent au- 
cune tumeur. Les examens de laboratoire ne mon- 
trent rien d’anormal. Un cliche radiographique de 
l’abdomen a vide presente une ombre juste au- 
dessus de la symphyse pubienne ce qui fait penser 
a un calcul vesical; peu de temps apres, le malade 
est atteint d’une crise abdominale aigue, et l’on 
effectue une cystostomie suprapubique: on ne
trouve pas de calcul. Un transit baryte fait dans 
les jours suivants permet de retrouver la meme 
opacite, mais cette fois-ci on se rend compte 
qu’elle est en relation et mobile dans la lumiere 
intestinale; en outre, il existe de nombreux retre-
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cissements situes sur le trajet de l’intestin grele. 
On precede alors a une laparotomie. Les 60 der- 
niers centimetres de l’ileon terminal et la jonction 
ileo-cascale sont congestionnes et epaissis, et il y 
a six retrecissements etages sur l’intestin; au ni­
veau du plus proximal, existe un calcul librement 
mobile dans la lumiere. Une large resection est
effectuee, comprenant l’ileon terminal et le cae­
cum, la continuite etant retablie par une anasto­
mose bout a bout entre l’ileon et le colon ascen­
dant. L’enterolithe etait forme de matieres vege- 
tales, de phosphate, de calcium et de pigments 
biliaires. Les suites operatoires furent sans his- 
toire.
MELANOTIC FRECKLE AS A PRECURSOR OF MALIGNANT
MELANOMA 
Report of a Case
W. E. AUSTIN, M.D., F.R.C.S.(Edin.) & [C], F.A.C.S.,® Vancouver, B.C.
Melanotic freckle (lentigo m aligna) was 
first described by Hutchinson1 in 1892. By 
1959, 200 cases had been reported and 12 
more were added by  Costello, F isher and 
D eFeo.2 A proportion of m elanotic freckles 
undergo malignant change. These repre­
sent a superficial form of malignant m elan­
oma which is probably more curable than 
the usual form. A series of m alignant m el­
anomas which included a number of these 
lesions arising in a freckle would therefore 
have a favourable bias.
Case Repobt
Mrs. F.S., a 48-year-old woman, was referred 
to the author after a biopsy by a dermatologist 
had revealed a superficial malignant melan­
oma. She had presented with a large pig­
mented lesion on the dorsal region of her back, 
which had first been noticed 15 years before 
as a “dime-sized mole”. It gradually increased 
in size until it occupied the area between her 
shoulder blades. It had itched from time to 
time for years. She often shrugged her shoul­
ders in order to scratch the lesion with her 
clothes. The itching had become worse during 
the previous year. A month before examina­
tion, a small area had broken down and bled 
and the irritation of this was added to the 
itching.
General examination was essentially nega­
tive except for the local lesion. There were 
no enlarged cervical or axillary nodes. The 
lesion on the back was in the middle of the
“Department of Surgery, Vancouver General Hos­
pital, Vancouver, B.C.
Fig. 1.—Melanotic freckle on the back with three 
punch biopsy sites.
dorsal region and was 11 x 7 cm. in size 
(Fig. 1 ). It was of a variegated yellow- 
brown-black colour, the darkest portion being 
in the right lower area. It was only minimally 
elevated above the skin surface. The three 
punch-biopsy sites were readily apparent. The 
biopsy report of these was of a superficial 
malignant melanoma arising in a Hutchinson 
freckle. Wide excision (Fig. 2 ) with removal 
of deep fascia was carried out on August 3, 
1961. The area was covered with a split-skin 
graft which adhered almost in its entirety. 
There has been no recurrence of the mela­
noma to date, and the only disability has been 
some stiffness of the shoulders.
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Fig. 2.—The surgical specimen showing the wide margin of resection. Note the three 
round defects left by the previous punch biopsies.
The pathological report was as follows: The 
specimen (Fig. 2) averaged 13 cm. in dia­
meter and 1.5 cm. in thickness. The lesion 
was irregular in outline and minimally raised 
above the skin surface. The pit-like biopsy sites 
were identified. The colour was variable and 
ranged from pink to purple to brown of dif­
ferent shades. The appearance microscopically 
(Figs. 3a and b) was similarly variable. Most 
of the lesion had the appearance of an active 
but benign junctional nevus with dumps of 
clear cells and pigment at the dermal-epider­
mal junction. From place to place, however, 
there was more cellular activity in the form 
of pleomorphism and rare mitoses. These zones 
showed the passage of bizarre nevus cells and 
melanin pigment through the overlying epi­
dermis into the keratin layer. Deep to such 
regions a band of chronic inflammatory cells 
could be seen. In none of the sections was 
there evidence of deep invasion by the tumour 
and only the most superficial part of the 
dermal collagen was infiltrated. The lesion was 
widely excised in all planes of section. Histo­
logically, then, this fulfilled the criteria for a 
superficial malignant melanoma.
H utchin so n ’s F r eck le
Hutchinson’s freckle is best described in 
dermatological literature. It may occur in 
men or women between the ages of 18 to 
80 years, but it is commoner in later life. 
The face, including the eyelids and con­
junctiva, is involved in 70% of cases. The 
axillae, breasts and fingers are the next 
most common sites, but the lesion may 
occur anywhere on the skin or even on the 
mucous membrane. The typical lesion 
begins as a freckle on the face. It slowly 
enlarges as a plaque of uneven colour (tan, 
brown and black) with an irregular outline. 
It may progress in one area and regress 
in another. It is usually unilateral or mid­
line. Lesions m ay be multiple and later 
coalesce. After an average period of 10
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Fig, 3.—(a) Medium-power view of typical area showing junctional activity and light chronic 
inflammatory infiltration (x 560); (b) high-power view showing junctional activity and passage of 
pleomorphic melanoma cells through the overlying stratified squamous epithelium (x 220).
years, pre-malignant change may occur in 
the lesion in 30% of cases.3 This is mani­
fested by thickening and induration with 
the formation of a papule or verruca. This 
change is usually eccentric and such areas 
may ulcerate and bleed. There may be sev­
eral nodules; the formation of the nodule 
heralds a malignant change.
Histologically, the pre-carcinoma stage is 
denoted by a change in the basal cells 
which become larger, paler and separated 
by gaps. Plasma cells infiltrate the corium 
and form the tumour. Large collections of 
chromatophores give it a mottled appear­
ance. Evidence of invasion of the cutis by 
junctional nevus cells is required before it 
can be established that malignancy has 
actually developed.
Clinically, the differential diagnosis of 
this superficial form of melanoma is be­
tween: (1) seborrhagic keratosis; (2) senile 
keratosis; (3) pigmented nevus; (4) pig­
mented basal cell epithelioma; (5) epider­
moid carcinoma, and (6) ordinary malig­
nant melanoma. It is important to recog­
nize those malignant melanomas which 
arise as a freckle, because of the generally 
accepted better prognosis in these cases.4 
That the prognosis is better would seem to 
be substantiated by the fact that some form 
of conservative therapy has been used by 
dermatologists, apparently successfully, for 
years. It is also stated that lymph node in­
volvement is late in this form of melanoma 
and gland dissection seldom required.
Far from being a rarity, Miescher and 
Hunziker5 have stated that one-quarter of 
the malignant melanomas seen by them 
have their origins in a freckle. If this is so, 
then the inclusion of a number of this type 
of lesion in a series of malignant melan­
omas would favourably influence the sur­
vival rate; the proportion of melanomas 
arising in freckles therefore should be 
stated in each such series. Dermatological 
treatment of these lesions, as reported in 
the literature, has usually been less than 
radical. Local excision, even that which 
leaves part of the pigmented area behind, 
has at times been successful. Electrodesic­
cation and curettage have frequently been 
carried out. Chemotherapy with zinc chlor­
ide has been used. Treatment consisting of 
radiation alone or radiation with electro­
desiccation has been employed. For lesions 
on the extremities which are said to have 
a poorer prognosis, a wide local excision 
has been advised by Klauder and Beer- 
man.8 Gland dissection has been advocated 
only when clinical involvement is evident.
On surgical grounds, whenever possible 
the “freckle” should be treated prophylac- 
tically by means of a simple excision.7 When 
malignant change is evident on biopsy 
(and it should be stressed that several bi­
opsies may be necessary in order to estab­
lish the diagnosis) and perhaps in all cases 
where a discrete nodule has appeared, a 
wider local excision and skin graft is ac­
ceptable treatment. Conley and Pack8 have 
stated recently that where necessary super-
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ficial malignant melanoma of the face may 
be adequately removed by an incision 1 
cm. wide of the tumour. Where wide exci­
sion is not possible or in the very elderly, 
electrodesiccation may have to suffice. 
Lymph-node block dissection should be 
added when glands are clinically involved.
Su m m a r y
A case of superficial malignant melanoma 
arising in a Hutchinson’s freckle in an un­
usual location is described. It is suggested 
that this type of melanoma is associated 
with a better prognosis. If a number of 
such types were included in any series of 
malignant melanoma, the results would be 
favourably biased. Simple excision of the 
freckle would reduce the incidence of ma­
lignancy and, in those instances where 
biopsy reveals malignant change, a wide 
local excision with split-skin grafting should 
be done.
The author wishes to thank Dr. William Stewart, 
dermatologist, who made the diagnosis in this 
case and carried out the biopsies, and Dr. A. E. 
W. Trites of the Department of Pathology. Van­
couver General Hospital, who provided the 
pathological report and the photomicrographs.
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R e su m e
Les taches melaniques ( lentigo maligna) ont 
ete decrites pour la premiere fois en 1892 par 
Hutchinson. En 1959, on en trouvait dans la litte- 
rature 212 cas. Une certaine proportion de ces 
taches est susceptible de subir une transformation 
maligne. L ’auteur presente l’histoire d’une femme 
agee de 48 ans, atteinte d’une large tache mela- 
nique dans le dos. Cette lesion etait apparue 15 
ans auparavant, sous forme d’une petite boule, 
grosse oomme une piece de 10c. et avait grossi, 
s’etalant entre les deux omoplates de la malade. 
Cette tache provoquait quelques demangeaisons, 
et un mois avant 1’examen, elle avait saigne. A 
l’examen physique, on ne notait rien de special; 
la tache melanique mesurait 11 cm. x 7 cm., etait 
de couleur variable, selon les regions, jaunatre, 
brune ou noire, sans surelevation au-dessus de la 
surface cutanee. On proceda a une ablation large 
comportant l’aponevrose profonde, et la plaie 
operatoire fut recouverte d’une large piece de 
peau greffee. Les suites operatoires furent sans 
histoire. L ’examen anatomo-pathologique montra 
qu’il s’agissait d’un nasvus actif mais benin riche 
en pigment a la jonction dermo-epidermique; par 
endroits, le pigment melanique passait dans les 
couches keratinisees; le seul signe de malignite 
qui fut trouve etait une tres legere invasion des 
couches les plus superficielles du derme. Depuis 
deux ans, il n’y a pas eu de recidive locale, ni 
de signes de metastatisation.
CURVATURES OF THE SPINE. Emil D. W. 
Hauser. 190 pp. Illust. Charles C Thomas, 
Springfield. 111.; The Ryerson Press, Toronto, 
1962. $10.75.
This book emphasizes the role of poor pos­
ture in the development of abnormal spinal 
curvatures in the child and adolescent. The 
author asserts that a prescoliotic stage, rec­
ognized by poor posture, exists before scoliosis 
becomes structurally fixed. If it is diagnosed 
in time “this functional decompensation of the 
back” can be treated conservatively with the 
aid of small body plasters and postural exer­
cises, and the establishment of a permanent 
curvature prevented.
The text is well illustrated. The author’s 
theories are controversial and not supported 
by valid statistical evidence. After reading 
this book, there is the danger of underestimat­
ing the potential of some of the early scoliotic 
curves which should be treated more aggres­
sively. However, because of the excellent 
chapters on posture and postural exercises, the 
book can be recommended to those respons­
ible for the welfare of children and adoles­
cents.
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E X P E R I M E N T A L  S U R G E R Y
FURTHER STUDIES ON METHYLCHOLANTHRENE-INDUCED 
TUMOURS OF THE GALLBLADDER AND LIVER 
IN THE GOLDEN HAMSTER*
G. O. BAIN, J. SIEGENBERG, M.B., B.Ch., M.Sc. and
K. KOWALEWSKI, Ph.D., M .D.,t Edmonton, Alta.
T h e  occurrence of gallbladder carcinoma 
in a high proportion of hamsters within 
eight months following intracholecystic 
implantation of methylcholanthrene was 
reported in 1959.3 In 1961, a detailed ac­
count of the anatomical pathology of ex­
perimental gallbladder carcinoma pro­
duced by this method was published in 
this journal.4 In a study of 94 male golden 
hamsters subjected to intracholecystic im­
plantation of methylcholanthrene pellets, 
70% developed gallbladder carcinoma.5 A 
variety of other hepatic lesions were found 
in animals with gallbladder tumours. These 
included eosinophilic centrilobular hepatic 
necrosis, the proliferation of “oval cells” in 
portal regions, cholangiofibrosis and cystic 
lesions. It was postulated that the hepatic 
lesions may have resulted from an entero- 
hepatic circulation of methylcholanthrene 
from the pellet in the gallbladder. How­
ever, experiments in which the cystic duct 
was ligated did not support this hypo­
thesis.4 Opie,7 studying hepatic tumours 
produced in rats by butter yellow, was of 
the opinion that cystic lesions and chol­
angiofibrosis are pre-neoplastic lesions. In 
our material, no evidence of the neoplastic 
transformation of such lesions was found. 
Nevertheless, in the presence of such 
lesions in hamsters subjected to methyl­
cholanthrene pellet implantation, the pos­
sibility remained that hepatic factors might 
be implicated in the carcinogenic action of 
methylcholanthrene pellets implanted into 
the gallbladder or directly into the liver 
tissues. The present report is concerned 
with the influence of fatty metamorphosis 
of the liver induced by a high cholesterol 
diet on the incidence of malignant tumours
“This work was supported by Research Grant No. 
208, The National Cancer Institute of Canada. 
■•'Department of Pathology, University of Alberta. 
fSurgical-Medical Research Institute, University of 
Alberta, Edmonton, Alta.
in hamsters subjected to intracholecystic or 
intrahepatic implantation of methylcholan­
threne pellets.
M ateria ls  and M ethods
Methylcholanthrene pellets were pre­
pared as described previously.3 The experi­
mental animals were male golden ham­
sters, the body weights of which ranged 
from 105 to 108 grams. The basal control 
diet was a grain diet of the following com­
position: ground yellow corn 68% , linseed 
oil meal 13%, powdered skim milk 15% , 
alfalfa leaf meal 2% , cod liver oil 1% , 
iodized table salt 5%  and calcium phos­
phate 0.5%. A cholesterol-rich diet was 
prepared by adding 2%  of cholesterol and 
5%  of olive oil to the basal diet.
All surgical procedures were carried out 
under sodium pentobarbital anesthesia (30 
mg./kg. body weight). The hamsters were 
divided into the following four groups: (1) 
Group A received single intracholecystic 
methylcholanthrene pellets implanted by 
trocar and the animals were fed the con­
trol diet. (2) Group B was treated similarly 
but received the cholesterol-rich diet. (3) 
Group C received single methylcholan­
threne pellets implanted directly into a 
hepatic lobe. The animals were fed the 
control diet. (4) Group D also received 
intrahepatic methylcholanthrene implants 
and the animals were fed the high choles­
terol diet.
All animals were kept on the prescribed 
diet until they died spontaneously or were 
sacrificed. Certain of the animals in each 
group were sacrificed three and five 
months after being placed on these special 
diets. Portions of liver tissue, free of tu­
mour, were used for the determination of 
cholesterol content.2 All of the animals 
used for pathological study were submitted
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T A B L E  I .— L iv e r  C h o le ste r o l  in  H a m st e r s  
(M e a n  and  R a n g e )
Duration
of diet No. of Cholesterol
(months)  Diet animals mg.%
3 Control 14 60 (50-85)
3 Cholesterol 12 232 (154-418)
5 Control 15 227 (182-323)
5 Cholesterol 15 11762 (7270-21600)
to autopsy and appropriate tissues were 
fixed in 10% formalin, sectioned in paraffin 
and stained with hematoxylin and eosin.
There was no evidence that the high fat 
diet influenced the occurrence of tumours 
of this type.
Histological study confirmed the gross 
pathological impression that all hamsters 
fed the cholesterol-rich diet had developed 
fatty metamorphosis of the liver. In addi­
tion, evidence of mild to moderate cirrhosis 
of portal type was found in half of the 
animals (Fig. 11.
Histological studies of the hepatic sar­
comas revealed that they did not differ
TABLE I I .— L e s io n s  in  H a m ste r s  w it h  I n t r a c h o l e c y st ic  M e th yl c h o l a n th r e n e  (MCH) P e ll e ts
Gall-
Duration of exposure No. of Fatty Cirr- bladder Liver Cystic %  with
to MCH (days) animals Diet liver hosis tumour tumour lesion tumour
132-511.........................................  14 Control 0 0 8* 0 4 57
53-407 .........................................  24 Cholesterol 24 11 20f 0 3 83
*Earliest adenocarcinoma noted in animal 139 days after exposure to pellet (one hamster). 
fEarliest adenocarcinomas noted in animals sacrificed 53 days after exposure to pellet (two hamsters) •
T A B L E  I I I .— L e s io n s  in  H am sters  w it h  I n t r a h b p a t ic  M e th yl c h o l a n th r e n e  (M C H ) P e ll e ts
Gall-
Duration of exposure No. of Fatty Cirr- bladder Liver Cystic %  with
to MCH (days) animals Diet liver hosis tumour tumour* lesion tumour
92-479.........................................  20 Control 0 0 0 4t 0 20
113-339.........................................  12 Cholesterol 12 7 0 3f 0 25
*A11 tumours in this group were sarcomas.
fEarliest tumour noted in animal sacrificed 335 days after exposure to MCH. 
fEarliest tumour noted in animal sacrificed 276 days after exposure to MCH.
Results
Table I shows the significant increase 
in hepatic tissue cholesterol content in ani­
mals fed the cholesterol-rich diet. Tables 
II and III give the incidence of gallbladder 
and hepatic lesions in animals on the basal 
and cholesterol-rich diets respectively.
The occurrence of adenocarcinoma of 
the gallbladder in the majority of hamsters 
with intracholecystic methylcholanthrene 
implants is in agreement with our previous 
work. In addition it is apparent that the 
incidence of gallbladder carcinoma in ham­
sters fed the high cholestrol diet exceeds 
that in animals fed the control diet (83% 
and 57% respectively). Also of interest is 
the failure of hamsters which received in- 
trahepatic methylcholanthrene implants to 
develop carcinomas. Few hepatic tumours 
were found in these animals and those 
present were methylcholanthrene sarcomas.8
materially from those induced by methyl­
cholanthrene pellets implanted intramuscu­
larly in rats,1 except that they tended to be 
very small (Fig. 2).
The gross and histological features of 
the gallbladder carcinomas were identical 
with those encountered in our previous 
work and described in detail in a previous 
issue of this journal.4 The presence of fatty 
metamorphosis of the liver and of early 
cirrhosis did not in any way modify the 
pattern of local invasion of the liver by the 
gallbladder tumours (Fig. 3). The occur­
rence of cirrhosis attributable to the high 
cholesterol diet rendered the interpretation 
of “oval cell” proliferation difficult. Cystic 
lesions identical with those previously de­
scribed were encountered in small num­
bers, but cholangiofibrosis that could be 
identified distinctly from the cirrhotic pro­
cess could not be delineated.
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Fig. 1.—Hepatic cirrhosis in hamster fed high cholesterol diet for approxi­
mately one year. (H. & E. Original magnification x 25).
Fig. 2.—Methylcholanthrene sarcoma of the liver. (H. & E. Original magnifi­
cation x 225).
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Fig. 3 —Methylcholanthrene-induced adenocarcinoma of gallbladder involv­
ing liver at gallbladder bed. Swollen hepatic cells are laden with lipid. (H. & E. 
Original magnification x 90).
D iscussion
The simple increase in the number of 
gallbladder tumours in animals fed the high 
cholesterol diet, occurring apart from any 
increase in lesions of the type that Opie‘ 
had considered precancerous, provides no 
basis for a hypothesis linking disordered 
hepatic metabolism with methylcholan- 
threne carcinogenesis. Hieger8 has pre­
sented experimental material on the basis 
of which carcinogenic activity has been 
imputed to cholesterol alone. A direct in­
fluence of cholesterol on the incidence of 
gallbladder carcinoma cannot be postulated 
on the basis of our experimental results. 
Significant accumulations of cholesterol 
were not found in the hamster gall­
bladder, nor were gallstones encountered. 
Furthermore, the implantation of methyl- 
cholanthrene pellets in livers laden with 
cholesterol did not produce any increase 
in hepatic tumours. The mechanism by 
which a high cholesterol diet resulted in 
an increase in the incidence of methyl­
cholanthrene-induced gallbladder carci­
noma is unknown but would appear to be 
indirect.
Summary
Hamsters fed a high cholesterol diet de­
veloped fatty livers and a high incidence 
of cirrhotic changes. In such animals the 
incidence of methylcholanthrene-induced 
gallbladder carcinomas was 83% as com­
pared with 57% in animals on the control 
diet. The intrahepatic implantation of 
methylcholanthrene pellets in hamsters on 
control or high cholesterol diet produced 
few tumours and these were of the methvl- 
cholanthrene-sarcoma type.
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Resume
L’apparition de carcinomes de la vesicule biliaire 
chez des hamsters ayant recu une implantation de 
methylcholantrene dans la vesicule biliaire a deja 
fait l’objet de diverses publications. Les auteurs 
du present article ont deja trouve que cette im­
plantation provoque le cancer dans 70% des cas, 
et que d’autres lesions hepatiques peuvent se ren- 
contrer. On avait pense que ces lesions pouvaient 
peut-etre provenir d’un enhavissement intra- 
hepatique par la substance cancerigene, mais des 
experiences de ligature de 1’arbre hepatique in- 
firmerent cette hypothese. Les auteurs deciderent
alors d’etudier les rapports entre l’apparition de 
carcinomes hepatiques et un regime riche en 
cholesterol, capable de provoquer une degene- 
rescence graisseuse du parenchyme hepatique. Les 
animaux d’experience ( des hamsters) de poids 
variant entre 105 et 108 g. furent nourris avec 
une diete comportant de la farine de mat's, de 
l’huile de lin, du lait en poudre, de l’huile de 
foie de morae, du sel de cuisine iode et du phos­
phate de calcium; le regime hypercholesterole- 
mique etait obtenu par 1’addition de cholesterol et 
d’huile d’olive au regime de base. Toutes les in­
terventions chirurgicales furent faites sous anes- 
thesie au pentobarbital. Les animaux furent re­
partis en quatre groupes: groupe A, ayant eu une 
implantation d une pastille de methylcholantrene 
dans la vesicule biliaire et nourris avec le regime 
de base; le groupe B fut opere de la meme fagon, 
mais fut nourri avec le regime riche en choleste­
rol; le groupe C subit l’implantation dune pastille 
de methylcholantrene dans un lobe hepatique et 
fut nourri avec le regime de base; enfin, le groupe 
D, ayant subi la meme intervention, fut nourri 
avec la diete riche en cholesterol. Cette etude 
demontre que les animaux du groupe B develop- 
perent des carcinomes hepatiques dans une pro­
portion de 83%, une nette augmentation sur les 
57% trouves dans le groupe A. L ’implantation de 
methylcholantrene dans le tissu hepatique ne fut 
suivie d’aucun resultat vraiment significatif.
AN INVESTIGATION OF POLYURETHANE FOAM IN EXPERIM EN TAL
ANIMALS*
C. HOLLENBERG, F.R.C.S.(Eng.) & [C], R. K. MACOOMB, M.D., M.Sc.,
J. R. TROTT, B.D.S.(Adelaide) and W. ZINGG, F.R.C.S.[C], Winnipeg, Man.
Suitable plastic material that could be 
used effectively in fractures, arthrodeses 
and fusions would be highly desirable. Such 
materials ideally should be able to with­
stand forces at a fracture site or joint with­
out requiring additional prolonged external 
fixation; they should not interfere with heal­
ing, and should have no deleterious effects 
on any part of the organism.
The use of plastics in surgery has been 
well reviewed by Ingraham et al.1* and 
Bing is, is Rep01qs are available where plas­
tic materials of various types have been
*From the Department of Surgery, Faculty of 
Medicine, and the Department of Periodontology, 
Faculty of Dentistry, University of Manitoba, 
Winnipeg, Man.
Presented at the Annual Meeting of the Royal 
College of Physicians and Surgeons of Canada, 
Ottawa, January 1961.
used in the treatment of fractures and in 
bone surgery.1-4
Success has been recorded recently with 
polyurethane foam and epoxy resins.5' 713 
In view of the above considerations it is felt 
that further investigation is indicated with 
respect to the use of plastics in surgery.
This report is concerned with observa­
tions on polyurethane foam (Ostamer): (a) 
used to immobilize fractures in sheep, 
calves and dogs; (b) implanted subcutane­
ously in the vicinity of the paraspinal 
muscles in pure-line Wistar rats; (c) as im­
plants at the fracture sites of tibiae in pure- 
line Wistar rats, and (d) as an implant in 
tooth sockets of dogs to study the healing 
of cancellous alveolar bone.
Ostamer is the registered trade name 
given to a polyurethane foam (a thermo­
setting synthetic plastic) which is prepared
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Fig. 1.—Dog A (Proc. 12). Ostamer alone two 
days after operation.
by mixing into the prepolymer (trihydroxy 
resin with an excess of 2.4 diisocyanate) a 
liquid catalyst (a mixture of aliphatic ter­tiary amines and water in precise ratio). 
The resulting reaction is exothermic, 
whereby C 02 is liberated producing a rigid 
white polymer with the enclosed bubbles 
increasing its volume about 2% times.
Circumstances can affect the reaction of 
the prepolymer and the catalyst so as to alter the end-product, making its density 
and its tensile, compressive, shear and flex­
ural strengths variable. Inadequate and in­
ept mixing, and the presence of liquid, 
fat, exogenous moisture or any other ex­
traneous substance will affect the proper­
ties of the final product adversely. Initially, the recommended mixing temperature was 
120° F. This was later revised to recom­
mend mixing at 100° F. for 7 seconds. 
The mix is easier to pour and handle at 
higher temperatures, being more liquid. It 
was found that a mixing temperature of 
120° F. could produce an exothermic tem­
perature as high as 220° F. and that the 
tissues would most likely not tolerate the exothermic reaction produced by a mixing 
temperature over 100° F.
A. T he U se of O stamer to  Im m o b ilize  
F ractures in  E xperimental A nim als
Seventeen procedures were carried out 
on eight sheep, four dogs and two calves. The tibia was used in all except two sheep and one dog in which the femur was used. The procedure was repeated in the dog and in one sheep where the femur was 
used, and in the tibia in one dog.
T echnique
Pentobarbital anesthesia was used in all of the animals. A longitudinal incision 
was made to expose one surface of the bone 
subperiosteally. The medullary canal was 
then opened by cutting through the corti­
cal bone with a bone saw. In some cases 
this was done before cutting through the 
bone at midshaft with an osteotome. In 
other cases the bone was fractured first, 
thus simulating the usual circumstances of a fracture. In the former situation, one 
piece of cortical bone needed to be re­
placed as an inlay graft; in the latter, two 
pieces of cortical bone were replaced 
as sliding bone grafts. The exposed medul­
lary canal was curetted and dried with a 
sponge. In three cases a stream of warmed 
nitrogen was passed over the area to dry 
it more effectively. In four cases ether was 
used to dissolve and remove excess fat. 
Bleeding from the bone was controlled with Gelfoam and at times with bone wax. 
The bone fragments were held in the re­
duced position by a Lowman’s clamp. 
Ostamer mixed at 100° F. or 120° F. was 
then poured into the cavity.
Ostamer was used alone at first. It soon 
became obvious that some form of addi­
tional reinforcement was necessary (Fig. 1). An intramedullary pin was employed un­
successfully in two dogs. In the later cases, 
screws or a metal plate and screws were used as additional reinforcement. The 
pieces of cortical bone were then replaced 
either as sliding or inlay grafts, depending 
upon the circumstances. Excess Ostamer 
was trimmed away in some cases; in others 
it was used to fashion a collar around the 
fracture site. The Ostamer was allowed to set for a period of 20 minutes, when it was 
tested for stability. If this was found to be satisfactory the wound was closed. No ex­ternal immobilization was used. The ani­
mals were followed-up clinically and where 
possible by radiographs.
One calf (Table I, Procedure 10), now a 
full-grown bull, is still alive and has no 
limp or disability after IVz years. In this 
case the Ostamer was reinforced by screws. 
In all of the other animals the involved 
bones were removed after death for exami­
nation and photographs.
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TABLE I.— Co m pa riso n  o f  t h e  M eth o d s  a n d  R e su l ts  w it h  O s t a m e k  in  E x p e r im e n t a l  F r a c t u r e s  in
L a r g e  A n im a l s
Procedure Animal
Weight
(kg-)
Osteotomy
site Method Temp. (°F.) Result
1 Sheep A 62 Femur Ostamer
OO Failure 6 days postop.
2 Repeat A Ostamer and
intramedullary pin 120° Failure 2 days postop.
3 Sheep B 71 Femur Ostamer 120° Failure 10 days 
postop.
4 Sheep C* 60 Tibia Ostamer 100° and 120c Failure at operation 
after 2 trials
5 Sheep D*f 60 Tibia Ostamer and 
bone plate
120° Successful union. 
Bearing weight 4 
weeks postop.
6 Sheep E 48 Tibia Ostamer and bone plate 100° Failure 7 days postop.
7 Sheep F 80 Tibia Ostamer and bone plate 100° Failure 7 days postop.
8 Sheep G 70 Tibia Ostamer and bone plate 100° Successful union. 
Bearing weight 3 
weeks postop.
9 Sheep H 68 Tibia Ostamer and bone plate 100° Failure 3 hrs. postop.
10 Calf A* 70 Tibia Ostamer and transfixing 
screws
120° Successful union. 
Bearing weight 4 
weeks postop.
11 Calf B 54 Tibia Ostamer and bone plate 100° Anesthetic death. 
No bonding.
12 Dog A 16 Femur Ostamer
oOO
Failure 2 days postop.
13 Repeat A* Ostamer and
intramedullary pin
oOo Failure 4 days postop. 
Infected.
14 Dog Bf 30 Tibia Ostamer 120° Failure 7 days postop. 
Infected.
15 Repeat B Ostamer and
intramedullary pin 120° Failure 7 days postop.
16 Dog Cf 26 Tibia Ostamer 120° Successful union 4 
months postop. 
Infected.
17 Dog D 29 Tibia Ostamer and bone plate 120° Successful union 3 
months postop. 
Infected.
‘ Indicates that ether was used to dissolve fat.
flndicates that heated inert nitrogen was used to dry the medullary cavity.
Table I gives details of all the pro­
cedures and results, which vary from fail­
ure at operation or shortly after to com­
plete union in some cases. Of 17 
procedures, only five (two sheep, one calf 
and two dogs) went on to satisfactory union 
(Procs. 5, 8, 10, 16 and 17). In only one of 
these, a dog, was Ostamer used alone 
(Proc. 16). In the other successful cases, the
Ostamer was reinforced by a plate and 
screws in three, and by screws alone in one. 
In the case of the dog where Ostamer 
alone was used successfully, a radiograph 
taken during the process of healing showed 
the fragments to be displaced.
In one sheep where the fragments ap­
peared to be well stabilized with Ostamer 
plus a metal plate and screws, the bone
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Fig. 2.—Sheep G (Proc. 8). After 
nine months intramedullary Ostamer 
lifted from its bed; membrane can 
be seen separating it from bone.
fragments became quite mobile a few days 
after the operative procedure. In spite of 
this the fracture eventually united firmly 
with marked deformity, which produced a 
severe limp (Proc. 6).
In another sheep in which immobiliza­
tion with Ostamer plus a metal plate and 
screws appeared to be satisfactory, the 
fracture became compound when the ani­
mal tried to stand while coming out of the 
anesthetic (Proc. 9).
In one of the sheep in which Ostamer 
alone was used, the plastic fractured when 
the animal kicked as the wound was being 
sewn. The procedure was repeated im­
mediately after this occurred but solid im­
mobilization could not be achieved (Proc.
4).
The procedure was repeated after 12 
days in one sheep (Procs. 1 and 2 ); after 
two days in one dog (Procs. 12 and 13), 
and after two weeks in another dog 
(Procs. 14 and 15). In all of these animals 
the Ostamer was found to be brittle and 
broken at the fracture site. There was no 
evidence of bonding of the Ostamer to 
bone, and it could be removed completely 
from the bone with great ease. These char­
acteristics were found in all specimens re­
moved from sacrificed animals, and in no
case was there any evidence of invasion 
of the Ostamer by bone.
The animals were sacrificed at intervals 
of from 10 days to 12 months after opera­
tion. In the cases with the longer interval, 
there was evidence of decay in some areas 
where the Ostamer was found to be dis­
integrating into fine particles without co­
hesion; in the cases of longer standing, a 
distinct membrane was found between the 
bone and the plastic. This could easily be 
peeled from both structures (Fig. 2).
One sheep developed non-union and had 
to be sacrificed three months after opera­
tion because of a painful limp.
All of the animals which did not develop 
infection had inflammation of the involved 
site, as evidenced by increased heat and 
swelling for as long as seven days follow­
ing operation.
Those animals in which the fractures 
eventually went on to successful union did 
not bear full weight on the involved limbs 
for at least three weeks, avoiding even 
partial weight-bearing for most of this 
time. In the case of the sheep with non­
union of the fractured tibia, full weight­
bearing was never achieved, and it was 
greatly delayed in the case which de­
veloped marked deformity.
Sheep D (Proc. 5) when radiographed 20 
weeks after operation showed solid union 
with no evidence of avascular necrosis in 
spite of the fact that the Ostamer was 
mixed at 120° F.
The radiograph of Sheep G (Proc. 8) 
taken after 10 weeks shows that the cortex 
in relation to the Ostamer is possibly avas­
cular—the plastic in this case was mixed 
at 100° F.
B. T he Subcutaneous Im plan tatio n  of 
O sta m eb  in  R ats
Ostamer implants of standardized size 
(10 mm. x 4 mm. x 1 mm.) were placed 
subcutaneously in the paraspinal region of 
30 pure-line Wistar rats of undetermined 
sex weighing 120 to 200 g. The skin was 
closed with continuous 4-0 silk suture ma­
terial. Single skin incisions into which 
nothing was implanted were made in the 
same area in four rats, as controls. The 
animals were killed with an overdose of
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Fig. 3.—Subcutaneous implant of Ostamer at 22 weeks. Foreign-body giant cells seen 
in greater numbers; granulation tissue can be seen growing into spaces open to it. (H. & E. 
x 150).
Fig. 4.—Subcutaneous implant of Ostamer at 14 weeks. Fibrous tissue ingrowth lim­
ited to outermost lacunae of the implant. Central lacunae empty. Note the lacunae of the 
implant are “closed” with few interconnecting channels. (H. & E. x 40).
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Fig. 5.—Subcutaneous Ostamer implant at 24 weeks. Ostamer breaking up with fibrous 
tissue and blood vessels invading intervals between particles. (H. & E. x 50).
ether at intervals varying from one to 26 
weeks. Microscopical sections were made 
and these were stained with hematoxylin 
and eosin.
The skin overlying the implants healed 
by first intention. There was considerable 
swelling at the site of the implants for 
one to two weeks. This was more marked 
than in the controls. At one week the tissue 
became adherent to the implant and small 
blood vessels were seen to be coursing 
over the surface of the implants.
Microscopical section of the implants, to­
gether with the tissue surrounding them, 
showed some acute inflammatory reaction 
initially. Fibrous encapsulation of the im­
plant could be seen as early as one week; 
this became more mature in from two to 
four weeks. Foreign-body giant cells could 
be seen at various times but much more 
frequently in later periods. The spaces in­
side the Ostamer were seen to be com­
pletely closed without intercommunication 
and they did not communicate with the 
surface. Fibrous tissue and blood vessels 
invaded only those spaces on the surface 
of the Ostamer which were open to them
(Figs. 3 and 4). This very restricted type of 
invasion was seen as early as one week.
Ostamer was seen to be breaking up into 
debris in some areas at approximately 20 
weeks. At this stage the fibrous tissue and 
blood vessels were seen to invade the in­
tervals between the particles (Figs. 2 and 
5). On the whole there was no appreciable 
change in the size of the Ostamer after 26 
weeks.
C. Ostamer Implants Placed at the 
Site of F ractures E xperimentally 
Produced in the Tiria in Rats
Under ether anesthesia, the tibias in 42 
pure-line Wister rats were fractured after 
the method described by Selye20 to mini­
mize infection. The skin was shaved in the 
inguinal region and an incision 2 cm. long 
was made through the skin just above the 
inguinal canal. The skin was then pulled 
downwards to the level of the tibia. This 
is easily done in the rat because of the 
loose subcutaneous tissue. The middle 
third of the tibia was then freed of sur­
rounding muscle and transected with scis­
sors. In the rat, the distal end of the
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Fig. 6.—Implant of Ostamer at site of tibial fracture at 38 weeks. Only those peripheral 
spaces which are open are invaded by bone. (H. & E. x 40).
fibula forms a synostosis with the tibia, 
consequently the fibula acts as a splint 
which maintains the two ends of the frac­
tured tibia in position. Previously prepared 
Ostamer was then implanted at the fracture 
site, either as a plaque measuring 5 mm. 
x 5 mm. x 1 mm. in size laid alongside the 
bone at the fracture site, or in the form of 
a tubular collar measuring 6 mm. in length 
with the wall being 1 mm. thick, covering 
the end of both fragments and the fracture 
site. Tibias were fractured in 15 rats and 
no implants were applied. These were 
used as controls.
The normal healing of fractures in rats 
is well recorded in the literature.21'25
All of the rats were killed with an over­
dose of ether at intervals ranging from one 
to 38 weeks. All specimens were then re­
moved and decalcified, using the formic 
acid and cation-exchange resin method.26 
Microscopical sections were made and 
stained with hematoxylin and eosin.
Partial extrusion of the Ostamer through 
necrosed skin overlying the plastic implant 
occurred in four cases.
Generally the position and alignment of 
the healed fractui'es were better maintained
in the controls. This was thought to be so 
because less manipulation was required 
than in the rats where the implants were 
placed in position. The tubes of Ostamer 
remained in more intimate contact with the 
fracture site than did the plaques.
All of the fractures with implants united 
as expediently as did those in the controls. 
However, the callus was not as dense be­
cause it could not be formed where the 
implant was situated.
Neither the callus nor the surrounding 
tissue pervaded the Ostamer, except where 
spaces were open and allowed this at the 
surface of the Ostamer (Fig. 6).
D . O stamer Im pla n ts  Placed  in  T ooth  
Sockets After  E xtraction  o f  T eeth  
in  D ogs
Two adult mongrel dogs had the maxil­
lary lateral incisors extracted under pento­
barbital (Nembutal) anesthesia; one side 
was used as the control. The plastic was 
inserted into the sockets and the overlying 
gum sutured across the bone to ensure that 
the implant was not mechanically displaced 
in the early postoperative days.
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Fig. 7.—Implant in place in tooth socket after 
85 days. Section shows no tissue invasion of im­
plant. Around the periphery of the implant there is 
granulation tissue and fibrous tissue. (H. & E. x 
30).
Healing was allowed to take place for 
85 and 173 days, when the dogs were 
killed; the jaws were dissected out and 
fixed in 10% formalin and decalcified in 
5% trichloracetic acid before being pro­
cessed and embedded in paraffin. It was 
found during the hematoxylin-and-eosin 
staining procedure that it was convenient 
to pass the sections through picric acid for 
10 minutes before washing and placing 
them in hematoxylin; this stained the plas­
tic a bright yellow in the sections.
On clinical examination, healing of the 
overlying gum appeared complete and 
healthy at the end of 85 days.
In the sections, the plastic implant was 
surrounded by a band of dense fibrous 
tissue heavily infiltrated with small round 
cells. This granulation tissue was sur­
rounded by another fibrous tissue band, 
the fibre of which ran parallel to the im­
plant (Fig. 7). Beyond this band, there was 
active bone formation. Very few foreign-
Fig. 8. —Section of implant that has been in 
place in a tooth socket for 173 days. It shows 
invasion of the implant by fibrous connective tissue 
and a few foreign-body giant cells. (H. & E. x 
30).
body giant cells or histiocytes were ob­
served. No bone was seen forming in the 
implant, neither was there any ingrowth 
of the fibrous or granulation tissue.
However, by 173 days there was a 
marked change. The implant had been 
broken up into much smaller pieces and 
there was widespread invasion of the plas­
tic by fibrous connective tissue (Fig. 8). In 
some areas there were small amounts of 
woven bone formation (Fig. 9). Numerous 
foreign-body giant cells were seen in the 
connective tissue within the implant, but 
very few histiocytes. There was a general 
absence of either chronic or acute inflam­
matory cells in these sections. The whole 
area was surrounded by a dense band of 
fibrous connective tissue.
D iscussio n
These investigations show that Ostamer 
is relatively inert when used in sheep, 
calves, dogs and rats, at least during the
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time that these animals were observed. 
Observations by Mandarino and Salva­
tore,9 12 McLean13 and Wiley33 indicate 
that this is also the case in man.
Our studies do not permit an opinion to 
be given as to what effect Ostamer would 
have on living tissue after a more pro­
longed period of time.
Ostamer produces a mild inflammatory 
reaction in the region adjacent to it. In the 
animals where it was used to immobilize 
bone, other factors obviously added to 
this reaction, viz. the exothermic reaction 
produced at the time of setting of the 
Ostamer while being poured and for a 
time after; the reaction produced by the 
fracture itself, and that brought about by 
the extra manipulation required.
Microscopical studies showed a mild 
acute inflammatory cellular infiltration 
around the Ostamer. This was soon re­
placed by a fibrous capsule. A means for 
removal of the Ostamer is evident as early 
as one week in the form of phagocytes 
and foreign-body giant cells (Fig. 3). The 
small number of these cells suggests that 
complete removal of the Ostamer could 
take a long time. This may be substanti­
ated by those specimens obtained from 
sheep after 12 months; although there was 
evidence of disintegration of the Ostamer 
in some places at the periphery, very little 
of it had actually been removed. Such ob­
servations suggest that it is unlikely that 
Ostamer will ever be removed in as short 
a period as 18 to 24 months, as has been 
stated by some. Preliminary studies with 
tagged tritium indicate that it is eliminated 
in part at least in the urine and feces.
Nothing occurred in these investigations 
to suggest that Ostamer is carcinogenic. 
Oppenheimer et al.27 31 have shown that 
any of the plastics in use today may pos­
sibly produce malignant changes. In this 
respect it is interesting to note that 
Hueper32 has reported that polyurethane 
foam when implanted into the abdominal 
cavity of rats either as a sponge or powder 
produces sarcoma and adenocarcinoma of 
the cecal mucosa, where the polymer is in 
contact with or has become adherent to 
the intestinal wall.
Surrounding tissues such as fibroblasts or 
new-forming bone as callus will grow into
Fig. 9.—Section of implant that has been in 
place for 173 days showing woven bone forma­
tion in the pores of the plastic. (H. & E. x 30).
those spaces of the Ostamer which are 
open to them on the surface. This suggests 
that if the spaces communicated with each 
other, making the plastic material porous 
as is the case with Ivalon, fibrous tissue 
or new-forming bone would permeate the 
Ostamer. The spaces are, however, closed 
bubbles of CO, which form in the process 
of polyurethane formation. The structure 
of Ostamer is therefore such that it can­
not be used as a scaffold. Furthermore, this 
type of structure makes its removal a pro­
longed process.
Although Ostamer may not interfere 
with callus formation during the healing 
of the fracture, nevertheless when used in 
fractures it acts as a barrier preventing 
callus and bone from being formed where 
it is needed most, i.e. between the bone 
fragments and alongside the cortex.
No instance in the course of this investi­
gation showed evidence that bonding 
occurred between Ostamer and bone. Its 
stabilizing effect, such as it is, was found 
to be due to the mechanical characteristics
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of an intramedullary rod conforming to the 
bony irregularities. This mechanical effect 
could be enhanced if it could be made to 
flow into or through holes drilled into the 
cortex as it is poured into the medullary 
canal. On many occasions this type of fixa­
tion appeared to be adequate after com­
pletion of the operative procedure, only to 
become ineffective shortly thereafter. In 
most cases this failure was caused by the 
Ostamer breaking because of its brittle­
ness.
It could be said that the poor integrity 
of the Ostamer in this investigation may 
be due to one of several factors, ranging 
from inept mixing to the presence of some 
contaminant such as blood or fat, which 
vitiated the final product. All of these po­
tential faults were constantly in mind and 
everything possible was used to counter 
them, without making any difference in 
the end result.
That Ostamer alone was not strong 
enough to provide adequate stability soon 
became quite obvious; even in the one 
dog in which Ostamer alone was success­
fully used, the bond fractured as deform­
ity occurred. Four out of the five successes 
in this report were achieved with added 
internal metallic fixation, either with screws 
or a plate and screws. Ostamer may have 
contributed to the added internal metallic 
fixation but it is very difficult to assess this 
with accuracy. The impression is gained 
that whatever contribution it may have 
made was inadequate and that the 
achievement of success in those few cases 
was due to the fact that the animals did 
not bear weight on the operated limb for 
some time. The internal metallic fixation 
may well have sufficed by itself and may 
have given results equal to those achieved 
with the use of Ostamer.
In the two sheep (E and H, Procs. 6 
and 9), what appeared to be adequate 
immobilization with a metal plate and 
screws gave way with weight-bearing. 
This experience indicates that non-weight- 
bearing for an adequate period of time was 
more important than either type of internal 
fixation. Ostamer alone obviously cannot 
withstand even the stresses of muscle 
action (Sheep C, Proc. 4) and although fixa­
tion with metal alone or with Ostamer can
withstand muscle action, it cannot de­
pendably withstand weight-bearing too 
early. It is likely that in those cases re­
ported by others where intramedullary 
fixation with a proper sized Kiintscher nail 
was used, the addition of Ostamer made 
little difference.
Schram34 and Shafer, Hine and Levy,35 
in studying the healing of a socket after 
the extraction of a tooth by forceps in 
dogs, found that by 21 days the socket is 
filled in by fine bone trabeculae. All agree 
that remodelling continues for some time 
after this, and Schram reports that by 48 
days after extraction, the alveolus is prac­
tically completely rebuilt with bone trabe­
culae, similar to the remainder of the alve­
olus. Radden,36 in a similar study in mon­
keys, found practically the same rate of 
healing in tooth sockets as that found in 
dogs. Mangos,37 in a histological study of 
healing in human tooth sockets, found that 
the socket was filled with bone at the end 
of 105 days.
The first thing to be noticed in this study 
is that bone was not present in the healing 
socket at 85 days and there were only be­
ginnings of bone formation at 173 days. 
In fact there would appear to be consider­
able delay in the formation of new bone. 
Compared with the previous studies in 
dogs and monkeys and our own controls, 
the time taken for bone to fill the socket 
appears to be four times as great when 
this material (Ostamer) is used.
In general the implants appeared to act 
as foreign bodies, walling off the area by 
granulation and fibrous tissue, macrophage 
activity and delayed healing.
All four dogs developed infection at the 
operative site. In two dogs, the fractured 
tibias united solidly (Dogs C and D, Procs. 
16 and 17). None of the other animals de­
veloped postoperative infection. Therefore 
infection is not believed to be a significant 
factor and was not taken into consideration 
in the evaluation of the results of the pro­
cedures employed in this investigation.
C onclusio ns
Ostamer is relatively inert in sheep, 
calves, dogs and rats with short-term use. 
Reports indicate that the same is true in 
man.
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Bone and fibrous tissue will invade 
spaces in Ostamer which are open to them. 
The spaces inside the Ostamer are closed 
bubbles which do not communicate with 
each other or the surface. These are not 
invaded by bone in the process of bone 
healing and Ostamer cannot be used as a 
scaffolding material.
Ostamer appears to delay healing in 
tooth sockets after extraction of teeth by 
as much as four times the normal period 
of healing observed in similar operations 
in the same animals. When used in treat­
ing fractures it acts as a barrier preventing 
callus and bone from being laid down be­
tween bone ends where it is needed most.
Ostamer does disintegrate in time and 
likely is removed by macrophages and for­
eign-body giant cells, but this is apparently 
a very slow process. Complete removal of 
the amount required in the treatment of 
fractures may never occur.
Ostamer does not bond to bone. W hat­
ever ability it has to immobilize bone is 
due to mechanical factors produced by a 
solid intramedullary plug conforming to 
the irregularities of the bone.
Ostamer is unsatisfactory as an immobil­
izing agent, even with the addition of in­
ternal metallic fixation, because it is brittle. 
The deficiencies of Ostamer as a stabilizing 
agent even with internal metal fixation do 
not make its use worthwhile.
Non-weight bearing is considered to be 
the one important factor responsible for 
the only five successful cases in the animals 
reported here.
S u m m a r y
Plastics in general are briefly discussed. 
Observations are reported on the use of 
Ostamer (polyurethane foam): ( a ) in ex­
perimental fractures in large animals 
(sheep, calves, dogs); (b) as implants in sub­
cutaneous tissues in pure-line Wistar rats; 
(c) implanted at the site of tibial fractures 
in pure-line Wistar rats, and (d) implanted 
in tooth sockets after extraction of teeth in 
dogs.
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R e s u m e
Depuis longtemps le besoin d’une substance 
plastique utilisable en chirurgie se fait sentir. Une 
telle substance devrait idealement etre capable de 
supporter les efforts auxquels est normalement 
soumis l’os fracture sans l’aide de contention ex- 
teme, et n’entrainer aucun phenomene degeneratif 
ou toxique dans les tissus vivants. Cet article re­
sume les conclusions atteintes par les auteurs au 
cours de diverses series d’experiences visant a 
etudier le comportement clinique d’une mousse 
de polyurediane (livree sous le nom d’Ostamer). 
11s etudierent les facteurs suivants; valeur dans 
Fimmobilisation de fractures chez des gros ani- 
maux (moutons, veaux et chiens); resultats d’im- 
plantations sous-cutanees dans la proximite des 
muscles para-spinaux chez des rats Wistar; con­
solidations de fractures du tibia chez le rat et 
enfin, evolution de tels implants dans les alveoles 
dentaires de chien. L ’Ostamer se prepare en me- 
langeant une certaine tri-hydroxy-resine avec un 
catalyseur. La reaction qui survient alors est 
exothermique et produit du gaz carbonique, de 
sorte que le resultat final est un solide, rempli de 
bulles gazeuses qui en doublent le volume. La 
substance s’est montree inoffensive chez les ani- 
maux utilises et certains articles donnent a penser 
qu’il en est de meme chez l’homme. L’os et les 
tissus fibreux peri-fracturaires ont une forte ten­
dance a envahir les espaces qui leur sont ouverts 
dans le plastique: ces espaces sont dus a des bulles 
de gaz carbonique et ne communiquent pas entre 
eux; s’il en etait ainsi, il semble que cet envahisse- 
ment se ferait beaucoup plus profondement, 
comme cela se voit avec d’autres plastiques po- 
reux. Sa presence provoque un retard de guerison 
dans les alveoles dentaires apres extraction. Au 
niveau des fractures il forme une barriere qui em- 
peche les tissus du cal de deposer de l’os nouveau 
entre les deux fragments osseux, c’est a dire pre- 
cisement la ou il est plus indispensable. L’Ostamer 
se desintegre aDres un certain temps et est resorbe 
par des macrophages et des cellules geantes a corps 
etrangers, bien que ceci se fasse tres lentement. 
La substance ne colle pas a l’os et toutes les pro- 
prietes d’immobilisation qu’elle possede sont dues 
au fait qu’elle se comporte comme une attelle 
intra-medullaire epousant fidelement toutes les 
irregularites de forme rencontrees. Mecanique- 
ment l’Ostamer est cassant et est done peu satis- 
faisant pour les buts chirurgicaux.
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AN EXPERIMENTAL STUDY OF THE GROWTH OF ARTERIAL
ANASTOMOSES0
CHARLES BULL, TAMNO HOEKSEMA, M .D .,f J. A. DUCKWORTH, M .D .f
and W. T. MUSTARD, M .D J  Toronto
T he surgeon operating upon coarctation of 
the aorta in infancy and childhood should 
know that growth will take place at the 
anastomotic site if the anastomosis is cor­
rectly performed. After an extensive per­
usal of the literature we felt that 
this important observation was not well 
documented. W e therefore embarked on 
an experimental study of growth at the 
anastomotic site in the aorta in puppies; 
after two years of painstaking work we 
feel that our observations should be re­
corded for surgeons interested in this 
problem.
Experimental M ethod
Initial experiments were earned out on 
newborn puppies, but these either died 
from the anesthesia or failed to suckle and 
died later. As a result, 3 to 10 lb. puppies 
in a four to 10 weeks’ age range were 
selected. A growth period of eight to 10 
months was recommended by animal au­
thorities because full growth of a medium­
sized mongrel dog is complete at 10 to 12 
months of age. This is evidenced by com­
plete closure of epiphyses.1' 2 Special isola­
tion from adult dogs and a rigid preopera­
tive and postoperative vaccination program 
was adhered to under the supervision of 
Dr. L. McPherson. Complete sterile pre­
cautions were observed and pentobarbital 
(Nembutal), 0.5 c.c./kg., anesthesia was 
used. A left Kocher incision was used with 
a retroperitoneal exposure of the abdomin­
al aorta below the renal arteries. The su­
perficial layer of the adventitia was
‘ From the Research Institute and Department of 
Surgery, Hospital for Sick Children, and Depart­
ment of Anatomy, University of Toronto. 
Presented at the Annual Meeting of the Royal Col­
lege o f Physicians and Surgeons of Canada, 
Toronto, January 1962.
•(■Research Fellows, Hospital for Sick Children, 
Toronto.
1‘Professor of Anatomy, University of Toronto. 
^Assistant Professor of Surgery, University of Tor­
onto; Chief of Cardiovascular Surgery, Hospital 
for Sick Children, Toronto.
stripped off because this loose areolar and 
connective tissue becomes sticky, adheres 
to the suture material and promotes intra­
vascular thrombosis. The aorta was mobil­
ized and the diameter was measured with 
Vernier calipers.
TABLE I.— I nflu en ce  o f  S u t u r e  M e t h o d  on  
A n astom otic  G r o w t h
Suture method
Growth of 
vessel %
Anastomotic 
growth %
A . Interrupted mattress. .
B. Continuous over-and-
56 46
over................. 58 30
C. Continuous mattress. .
D. Continous mattress
posteriorly—inter­
rupted mattress
57 57
anteriorly.................. 56 56
G r o w t h  o f  A nastom osis  in  19 N o n - T h r o m b o se d  
G ases
No growth.................................................................  2
Less than vessel.......................................................  7
Equal to vessel.........................................................  10
Two Pott’s multitoothed vascular clamps 
were applied proxifnally and distally, and 
usually the lumbar collateral vessels could 
be included in the clamps and still spared. 
A 2-3 mm. segment of the aorta was re­
moved and the vessel was irrigated well 
with heparin and saline. A .05 cardiovas­
cular braided-silk suture was lubricated in 
the animal’s body fat and the anastomosis 
was completed by following Carrel’s prin­
ciples. His classical treatise in 1906 estab­
lished a standard for rapid accurate vessel 
anastomosis which is basically unchanged 
to-day.3 Four different methods were used 
(Table I): interrupted mattress, continuous 
over-and-over, continuous mattress and in­
terrupted mattress anteriorly and continu­
ous mattress posteriorly, and continuous 
mattress with two gaps. The occlusion 
time was noted. The aorta was measured 
at the anastomosis and 1 cm. above and 
below. The abdomen was closed and the 
puppy’s ear was tattooed for identification. 
The dogs were allowed to grow to matur­
ity; the animal was then anesthetized and
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a retrograde aortogram was done using 
50% diatrizoate (Hypaque); the percentage 
of stenosis was estimated from these films. 
A femoral arterial cannula was passed prox- 
imally 2" past the anastomosis and the 
blood pressure recorded; a similar record 
was taken 1" below the anastomosis. In the 
constricted specimens, the proximal pres­
sure was recorded simultaneously by can- 
nulating the left subclavian artery in the 
thorax after the animal was put on the 
automatic respirator. The pressures were 
recorded via a Sanborn 467B pressure 
transducer and magnified and transferred 
to a direct-writing dual channel oscillo­
graph. A direct measurement was made at 
the anastomotic site and 1 cm. above and 
below using Vernier calipers and another 
assessment of the percentage of stenosis 
was made. Then the aortas were examined 
separately in each sub-group and radio­
graphs and photographs were taken.
G eneral Results
Of the 41 animals operated upon, 24 
survivors lived to eight to 13 months of 
age. There were three immediate post­
operative deaths and seven cases of dis­
temper or pneumonia. One animal was 
sacrificed because of a severely painful 
postoperative aortic saddle embolus. An-  ^
other immediate postoperative death 
occurred on the third day owing to rupture 
of the anastomosis. Postoperative weakness 
or paraplegia occurred in four animals. 
One was sacrificed because of pain and a 
thrombus was found at the anastomotic 
site. The three others regained full motor 
function in less than two weeks and only 
one had occlusion of the anastomotic site 
at maturity.
In the long-term survivors, there were 
four cases of complete thrombosis and one 
thrombosis and recanalization in healthy 
animals. Thus, 19 animals had patent an­
astomoses which grew for from seven to 11 
months.
Growth  of Anastomoses
All of the patent anastomoses grew ex­
cept two ( both of the latter were made by 
means of a continuous over-and-over su­
ture). In 10 cases out of 19, the growth
TABLE I I .— G r o w t h  C o m p a r is o n  “D" C o n t in u o u s  
M a t t r e s s — P o s t e r io r l y : I n t e r r u p t e d  M a t t r e s s —  
A n t e r io r l y
Initial 8 months' growth Growth Growth
Vessel Anastomosis Vessel Anastomosis vessel anastomosis% %
4 .0  4 .0  7 .0  6 .5  75 62
4 .5  4.3  6 .2  6 .4  50 50
4 .8  4.3  7 .0  6 .6  46 54
4 .5  4 .0  7 .0  6 .4  55 60
at the anastomoses was equal to that which 
took place in the vessel itself, and eight of 
these accommodated to the slight constric­
tion at the site of the initial suturing. The 
other seven cases obviously grew well, but 
somewhat less than the vessel itself. When 
the two cases of “no growth” were ex­
cluded, the average growth (Table I ) of the 
vessel was 57% and anastomosis 52% (i.e. 
from 4.5 mm. to 7.0 mm.). There was no 
evidence of definite superiority of any one 
suture technique, although the continuous 
mattress posteriorly and interrupted mat­
tress anteriorly produced the best results, 
and continuous over-and-over suture pro­
duced the poorest results (Table II). An 
aneurysm occurred at the anastomotic site 
in only two instances, probably owing to 
poor initial technique. Both aneurysms 
were extremely thin-walled and would have 
ruptured in a relatively short time.
Twelve of the 19 patent anastomoses 
showed some degree of post-stenotic dilata­
tion.
Suture M ethod
The variability of stenosis, post-stenotic 
dilatation and growth, regardless of suture 
method, suggests that the initial operative 
anastomotic technique is the most impor­
tant factor. In our series the continuous 
over-and-over group, which was done first, 
had the poorest results. The last series, 
continuous mattress posteriorly and inter­
rupted anteriorly, was the most successful 
because it probably benefited from the 
technical experience gained from the 
earlier anastomoses (Fig. 1).
The continuous over-and-over sutures 
were placed at least 0.5 mm. from the ves­
sel edge. This has been found to allow 
80% growth owing to straightening of the 
suture.4 This observation was made in a 
rapidly growing pig and probably is less 
applicable in a slow-growing dog owing to 
a disruption of the anastomosis, as the su-
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ture pulls through and comes to lie more 
centrally.
Seidenberg et al.5 found obliterative 
thrombosis at the suture line was the most 
common cause of failure in small artery 
(1.5 to 4 mm.) anastomoses. Only by re­
fined and meticulous technique can this 
complication be avoided.
Several authors agree that an everting 
mattress stitch is more prone to cause 
thrombosis in a small vessel.2' 5’ 7 Holman 
and Hahn6 demonstrated an average de­
crease in cross-sectional area by 15% 
caused by interrupted everting mattress 
sutures and 8% by the continuous over- 
and-over suture.
A nastomotic Calcification
At postmortem, by radiograph and on 
histological examination, there was definite 
calcification at the suture line and at the 
area where the Pott’s clamps were applied. 
This occurred at one year of age and could 
be expected to be the source of future 
complications. Similar observations have 
been made clinically on anastomoses and 
homografts after five years.8 There was no 
calcification in the thoracic aorta of these 
animals.
A d v e n t i t ia  is 2 A o r t a  c l a m p e d .  ^
C. Continuous mattress su tu re
Fig. 1.—Various suture methods used in this study.
Leakage and In tr a lu m in a l  R upture
Shumacker® found that repaired arteries 
will withstand, without bursting or leaking,
Fig. 2.—Fresh specimens of aorta secured from dogs of known ages to demonstrate growth.
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( A v e r a g e  G ro w th  f rom  % to 3 0  lbs .  )
A g e  in M o n t h s
Fig. 3.—Graphic demonstration of aortic growth. The outside diameter of the abdominal aorta measured in situ from birth to maturity in mon­grel dogs.
intraluminal pressures far in excess of sys­tolic blood pressures even a few hours after 
repair. Within two weeks they will with­
stand pressures as high or higher than do 
adjacent normal segments of the same ar­tery. Our results verify this, as only one 
anastomosis ruptured (on the third post­operative day).
C omparison  of G row th  of Puppy and
Child
Our figures for the rate of growth of the 
abdominal aorta in a puppy show a very 
rapid growth in the first four months of 
life, approximately double the rate for the 
next eight months. However, we cannot 
corroborate Clatworthy’s figures that 90% 
of growth is completed in the first three 
months10 (Figs. 2 and 3).
By comparing our abdominal aorta 
growth statistics with those reported in the 
study by Moss et al.11 of the lower thoracic 
aorta in children, we find that the human 
aorta grows more gradually but in a man­
ner similar to that of the puppy. A two- 
month-old puppy’s aorta will increase in 
size by 75% by the time it is one year of 
age. This is comparable to the increase in 
size that takes place in a child’s aorta be­
tween the age of four years and maturity
A g e  of  p u p s  i n  moa .  1 2  3  4  5  6  7  8
Fig. 4.—Graph comparing growth of aortic diameter in children and puppies in relation to maturation. Note the similarity in growth curves, and that the aorta of the four-year-old child is three times the size of the aorta of a two-month-old pup. This is of considerable significance in considering use of suture.
Fig. 5.—A. Hypaque injection following division and anastomosis of the aorta in an eight- 
week-old pup. B, C, D, E, F  and H. Hypaque injection in adult dogs demonstrating normal and nearly 
normal growth of the anastomotic site. G, I. Some narrowing and post-stenotic dilatation but no 
evidence of developing collateral circulation. J. Completely thrombosed anastomosis with collateral 
circulation. K. A constriction of 35% causes physiological and anastomotic coarctation whereas in 
L, 25% constriction does not.
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Fig. 6.—(1) and (2) Excellent anastomoses with an interrupted mattress and over-and-over 
stitch respectively. Histologically there is little to choose between the two. Note the formation of 
a new intima and adventitia and the abrupt failure of the elastica to bridge the anastomosis; arrow 
(2). (3) The disruption of the anastomosis by a continuous suture which has pulled through the ana­
stomosis leaving a fibrous tract—white arrows. The black arrow illustrates medial calcification. (4) 
Disintegration of the suture placed in the adventitia, and calcification and excess fibrous tissue forma­
tion in the anastomosis probably due to excess tension of the initial repair, x 50.
(Fig. 4 ). Maturity is measured by com­
plete epiphyseal closure; in man, 19 
years;12, 18 in dog, 10 months.1, 2
Aortograms (Fig. 5)
These procedures allow a more accurate 
appraisal of the uniform growth of the 
lumen. When the stitch had been inter­
rupted at least once, aortograms illustrated 
near-perfect growth in several specimens 
(B  to I, Fig. 5 ). Both the puppies and the 
adult dogs were able to tolerate very large 
amounts of Hypaque with few side effects. 
The worst reaction to these extremely large 
doses was a grand-mal seizure. There were 
no long-term complications.
H ist o lo g y
In all of the anastomoses the elastic lam­
ina did not grow across the junction, but
fibrous tissue filled the gap; this was veri­
fied by elastic stain. A thinner intima is 
formed and nearly normal adventitia. The 
everting mattress suture tends to result in 
the formation of more fibrous tissue than 
the end-on type of suture. The continuous 
suture pulls through the wall of the vessel, 
leaving a fibrous tract in its path and a 
grossly disrupted anastomosis. This could 
conceivably result in the suture being 
pulled into the lumen of the vessel as 
fragmentation and round-cell infiltration is 
slight in the relatively avascular intima 
layer. There is marked subintimal calcifi­
cation in sutures placed through the intima 
and little fragmentation or infiltration of 
the suture itself. In contrast, sutures in the 
adventitial layer with its rich vasa vasorum 
fragment early (Fig. 6). Thus suture me-
' T l
■y
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Fig. 7 .—In vivo specimens A and B of adult dogs show no evidence of con­
striction at the site of the anastomosis performed when they were puppies.
thods as described by Sako et al.11 which 
avoid the intima may be best to prevent 
calcification; this method is extremely diffi­
cult in children.
The supposedly atraumatic Pott’s clamp 
does not penetrate further than the intima 
in the gross, but it has a fragmenting effect 
on the elastica which is replaced by fibrous 
tissue in one year; these clamps should be 
used with extreme care and twisting or 
pulling movements should be avoided at 
all costs.
This histological study and the actual 
technical factors involved in an anastomosis 
suggest the best practical technique for 
growth, strength and facility is a continu­
ous mattress stitch posteriorly and inter­
rupted mattress anteriorly. At present, co­
arctation repair at The Hospital for Sick 
Children, Toronto, is carried out by plac­
ing a continuous mattress stitch with wide 
bites in one-third of the posterior wall, and 
finishing the repair with interrupted mat­
tress sutures.
390 CANADIAN JOURNAL OF SURGERY Vol. 6
Su m m a r y
Nineteen puppies between 5 and 10 
weeks of age had a small segment of their 
abdominal aorta below the renal arteries 
removed and the defect was repaired by 
an end-to-end anastomosis using different 
suture methods. These animals were sacri­
ficed at from nine to 13 months of age; 
the in vivo aortic and anastomotic diame­
ters were measured and aortograms were 
taken.
Ten specimens provided evidence that 
unlimited growth is possible in an ana­
stomosis performed with meticulous tech­
nique and an interrupted non-constricting 
suture. The growth in these vessels was 
comparable to the growth that takes place 
in a child’s aorta from the age of four years 
to maturity.
This study verifies the observation that 
the growth of vascular anastomoses will 
keep pace with that of the vessel if the 
suture is interrupted at least once and 
preferably more than once, and if the su­
ture is placed with skill to avoid initial 
constriction (Fig. 7 ). Intraluminal rupture 
and anastomotic aneurysms were not a 
problem.
Other factors noted in the study were 
that the development of collateral vessels 
occurs when stenosis is 25% to 30% of 
the normal vessel, that is when the vessel 
is 70% to 75% patent. The blood pres­
sure elevation in coarctation of the aorta 
is primarily mechanical in a dog in the first 
year of life. There is rapid calcification at 
the anastomotic site which could lead to 
future complications. Histologically, the 
continuous sutures pull through the vessel 
wall leaving a fibrous track in their path 
and a grossly disturbed anastomosis. The 
interrupted sutures stay in situ and show 
fragmentation and active round-cell infiltra­
tion of the portion in the adventitia.
This study has suggested additional im­
portant factors in a vessel anastomosis. 
Complete adventitial stripping is not neces­
sary as long as the outer fibrous tissue layer 
is removed. The most important factor in 
preventing thrombosis ( the commonest 
difficulty in small-vessel repair) is thorough 
and frequent irrigation of the vessel, prefer­
ably with a dilute heparin solution. The
suture may be lubricated by passing it 
through the body fat.
We conclude that an anastomosis of a 
child’s vessel will grow, and the growth 
will be at the same rate and extent as the 
rest of the vessel. The operation for coarc­
tation of the aorta can be done at the age 
of three to five years when it is technically 
easier and of greater physiological benefit 
to the child than at the present elective 
age of 10 to 14 years.
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Resume
L’experience chirurgicale demontre que lors des 
sutures vasculaires faites chez l’enfant, une cer- 
taine croissance peut se manifester au lieu d’anas- 
tomose. Cette observation importante ne semble 
pas avoir ete tres bien comprise dans la littera- 
ture chirurgicale et c’est la raison pour laquelle 
les auteurs de eet article deciderent de se livrer 
a une etude experimentale de cette question chez 
le jeune chien. A cette fin, ils utiliserent des 
chiens batards d’age variant entre quatre et 10 
semaines. Dans toutes les interventions chirurgi- 
cales, les precedes d’asepsie standard furent uti­
lises. L ’aorte abdominale fut exposee par une in­
cision laterale et une dissection retroperitoneale:
apres applications de clamps hemostatiques, on 
proceda a une resection de 2 a 3 mm. du vaisseau 
suivie d’une anastomose bout a bout soigneuse. 
Les chiens furent conserves jusqu’a l’age adulte 
et a ce moment, sous anesthesie, on effectua des 
aortogrammes par voie retrograde. II put ainsi 
etre demontre chez 10 de ces animaux qu’une 
croissance illimitee est possible au niveau d’une 
suture vasculaire effectuee avec soin, a points in- 
terrompus et non serres. La croissance qui fut 
trouvee dans ces cas correspondait entierement a 
la croissance normale. Dans le meme etude, les 
auteurs purent trouver que si la suture entraine 
une occlusion partielle du vaisseau de l’ordre de 
25 a 30%, on assistera a la formation d’une vascu- 
larisation collaterale de remplacement. Les con­
clusions apportees par cet article sont que toute 
suture effectuee chez un enfant pour des fins 
d’anastomoses vasculaires est susceptible de crois­
sance au meme rythme que le tissu normal.
PERFUSATE TEM PERATURE— A FACTOR INFLUENCING LEAKAGE  
IN ISOLATED REGIONAL PERFUSION USING EXTRACORPOREAL
CIRCULATION®
R. BEAUDRY, M.D., R. POISSON, M.D., F.R.C.S.[C],
L. G. STEPHENS-NEWSHAM, Ph.D., E. J. TABAH, M.D., F.R.C.S.fC] and 
J. R. MOORE, M.D., F.R.C.S.[C], Montreal
Although the value of chemotherapeutic 
agents has received wider recognition in 
the treatment of cancer in recent years, a 
deterrent to the widespread use of these 
agents has been their well-known toxicity, 
particularly to the bone marrow, gastro­
intestinal tract and liver, and central ner­
vous system.
A recent approach to the solution of this 
problem has been an attempt to deliver 
a high concentration of chemical agent to 
an isolated body region using an extracor­
poreal circuit.1'3 Isolation is obviously the 
prime requirement in this method of treat­
ment in order that only minimal leakage 
into the systemic circulation should occur, 
thus diminishing the toxic effects of the 
drug. Numerous physical factors that may 
affect the efficiency of a perfusion, such as 
oxygen tension, pH, type of perfusate, rate 
of flow and pressure, have been investi­
gated.4'7
“Department of Surgery, Royal Victoria Hospital 
and Department of Experimental Surgery, McGill 
University, Montreal.
Supported by a research grant from the Cancer 
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The purpose of the experiment reported 
here was to correlate the effect of tempera­
ture of the perfusate with leakage into the 
systemic circulation, other variables being 
constant.
Materials and Method
The experimental animals used were 
mongrel dogs of both sexes ranging in 
weight from 14 to 30 kg. The indicator sub­
stances added to the perfusate to measure 
leakage were Evans blue dye (T 1824: 
Warner-Chilcott) and RISA (radioactive 
iodinated serum albumin).
The pelvis was chosen as the region for 
isolated perfusion because its abundant 
collateral circulation afforded a greater 
challenge to any physical factor which 
would tend to diminish leakage. The heart- 
lung machine used in the extracorporeal 
circuit is illustrated in Fig. 1. It consists of 
a pulsatile flow pump ( Davol) with three 
ventricle actuators, two heat-exchangers and 
a separate blender valve circuit. Tempera­
tures were recorded using a six-channel 
recording unit and multiple thermistor 
probes. The temperature of the circulating
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Fig. 1.—Diagram of heart-lung machine used in 
the extracorporeal circuit in the present experi­
ment. Key— 1. Polyethylene tube (venous end). 2. 
Stainless steel cannula. 3. Polyvinyl connecting 
cannula to reducer. 4. Stainless steel reducer M" 
to %" with stopcock. 5. Disposable bubbler. 6. 
Pump. 7. Heat exchanger. 8. Polyethylene tube 
(arterial end).
water in the heat exchangers was moni­
tored on the blender valve assembly.
A total of 33 perfusions were performed 
in which a constant operative technique 
was employed and the leakage calculated.
Using intravenous pentobarbital (Nem­
butal) anesthesia, the right common and 
superficial femoral vessels were isolated 
and the latter prepared for cannulation. 
The peritoneal cavity was opened through 
a long midline incision and the viscera 
packed away from the operative field. The 
abdominal aorta and inferior vena cava 
were dissected free from a point proximal 
to the take-off of the inferior mesenteric 
vessels down to the bifurcation of the major 
vessels distally. The inferior mesenteric, 
distal lumbar and paired deep gluteal ar­
teries were routinely ligated in an attempt 
to improve isolation. The left external iliac 
artery was also occluded by tape inside the 
pelvis. Tourniquets were placed on both 
lower limbs in order to exclude these from 
the perfusion circuit.
Approximately 1000 c.c. of heparinized 
blood from donor dogs was used for prim­
ing the heart-lung machine. A uniform oxy­
gen tension was maintained. The flow rate 
through the perfusion circuit was regulated 
to keep a constant volume in the artificial 
lung. This rate varied from approximately 
500 c.c. to 700 c.c. per minute.
After heparin anticoagulation of the dog 
(2 mg./kg.), cannulas were inserted into 
the right superficial femoral vessels and 
connected to the extracorporeal circuit. Im­
mediately before commencement of the 
perfusion, tape occlusion of the abdominal 
aorta, inferior vena cava and the left ex­
ternal iliac artery was carried out. Perfu­
sion was continued for 30 minutes. At the 
conclusion of the experiment the animals 
were sacrificed.
Measurement of L eakage
A known concentration of Evans blue 
dye and RISA was introduced into the 
blood-primed heart-lung machine and was 
allowed to circulate for 10 minutes to 
attain adequate mixing. Blood samples 
were taken from the dog’s systemic circu­
lation (jugular vein) and the pump before 
perfusion, and from the pump 10 minutes 
after mixing of the indicator substances. 
After perfusion was commenced, samples 
were taken from the extracorporeal circuit 
at the five-minute and 30-minute periods 
and at regular five-minute intervals from 
the systemic circulation. The total blood 
volume of the animal was estimated ac­
cording to the curve calculated by Cour- 
tice.8 With the use of a colorimeter ( Evans 
blue dye) and scintillation probe (RISA), 
it was then possible to estimate the per­
centage of leak of the indicator material 
into the systemic circulation at different 
time-intervals.
Results
The percentage loss of indicator sub­
stances was plotted against time at various 
perfusate temperatures ranging from 60° 
to 120° F. (15.5° C. to 49° C .). At 60° F., 
the lowest perfusate temperature used 
in this series, the percentage of leakage is 
minimal up to 20 minutes and then gradu­
ally rises to a maximum of less than 5% 
at 30 minutes (Fig. 2 ). Figs. 3 to 7 show 
the amount of leakage at varying tempera­
tures from 80° F. to 120° F. At 120° F., 
the highest temperature in the series, the 
initial leakage at onset of perfusion is high 
and rises rapidly to a maximum of over 
30% in 30 minutes.
In Fig. 8, the maximum percentage of 
leak occurring after 30 minutes of perfusion 
is plotted against temperature. At tempera­
tures from 60° to 100° F. there is a gradual 
and steady increase in leakage with in-
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Fig. 2.—Loss of indicator substances at 60° F. 
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Fig. 5.—Loss of indicator substances at 106° F. 
over a 30-minute period.
Fig. 3.—Loss of indicator substances at 80° F. 
over a 30-minute period.
30% -
T e r rv p c rc tu ra  o f  P a  r o s e t t e  1 1 1 °  F. 
' 44“ C.
25% —
20%  -
J
5 10 15 20 2 S SO MIN
TIM E
Fig. 6.—Loss of indicator substances at 111° F. 
over a 30-minute period.
Fig. 4.—Loss of indicator substances at 101° F. 
over a 30-minute period.
Fig. 7.—Loss of indicator substances at 120° F. 
over a 30-minute period.
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Fig. 8.—Maximum leakage of indicator sub­
stances at 30 minutes plotted against temperature 
gradient.
creasing temperature. Beyond 100° F. the 
gradient in leakage rises sharply and is 
much greater at these higher temperatures. 
These experiments, using RISA as well as 
Evans blue dye, correlated most satisfac­
torily. Fig. 9 illustrates the mean distribu­
tion curve for all experiments performed 
utilizing Evans blue dye to indicate per­
centage of leak at the end of 30 minutes 
at varying temperatures. There was a linear 
rise in the escape of dye which is directly 
related to the rise of the perfusate tempera­
ture.
32 
28 -
z
2  24 —
PERFUSATE TEMP,
Fig. 9.—Mean distribution curve for all experi­
ments with Evans blue dye indicating percentage 
of leak at 30 minutes at various perfusate tem­
peratures.
D iscussion
In all of these experiments, it was evi­
dent that the leakage of indicator sub­
stance increased with increasing perfusion 
time at any one temperature, the leakage 
being maximum at the conclusion of the 
perfusion which in this study was 30 min­
utes.
We observed also that the increase in 
leakage varied directly with a rise in per­
fusate temperature, the higher the tem­
perature the more rapid the leakage. This 
agrees with the findings of Buckner, Busch 
and Economou.3 It would appear, there­
fore, that in order to minimize the loss of 
toxic agent into the systemic circulation, a 
low perfusate temperature should be used. 
It is reasonable to assume that hyperther­
mia is associated with increased vasodila­
tation in the region perfused, hence the 
greater tendency for escape of the perfu­
sate from the local area.
The low perfusate temperature would 
also appear beneficial when nitrogen mus­
tard is the cytotoxic agent concerned be­
cause in vitro studies show that one-third 
of the total activity of HN2 is lost within 
the first five minutes of exposure to blood 
at 37° C., whereas only 10% of the activity 
is lost in a similar period at 7° C.4 How­
ever, in vivo studies by the same workers 
failed to show that hypothermia was of any 
advantage in increasing the amount of 
nitrogen mustard absorbed by the perfused 
tissue. The low temperatures presumably 
reduced the metabolism of the tissue cells 
sufficiently to impair binding and absorp­
tion. However, two of six experiments in 
this latter study showed increased absorp­
tion of mustard at low tissue temperatures.
Corroboration of this observation is 
found in the work of Rochlin el al.10 In 
their experiment, using P33-tagged triethy- 
lene-thiophosphoramide ( thioTEPA), it 
was observed that at temperatures below 
26.7° C., less than one-third of the drug 
was taken up by the local tissues at the 
end of a one-half hour limb perfusion, 
while at temperature ranges of 33.2 to 
38.9° C. over two-thirds of the drug was 
bound. A straight-line reciprocal relation­
ship existed between P32 found in muscle 
samples and temperature rise, the greatest 
quantity of P32 being found at high tern-
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peratures. It was also noted that a more 
rapid rise in the rate of binding occurred 
at the highest temperatures. Thus, it would 
appear that high perfusate temperatures 
are associated with more efficient drug ac­
tivity. However, a most important fact that 
must be emphasized is that in the previ­
ously mentioned experiment, the region 
chosen for perfusion, the dog limb, is an 
ideal one in which the anatomy of the part 
itself precludes any significant leak. It is 
quite possible that had the pelvis been 
utilized for perfusion, leakage at high tem­
peratures would have been so rapid and 
so great that the quantity of drug in con­
tact with the perfused tissues would have 
been significantly reduced. Concomitantly, 
the quantity of drug bound may have been 
much less than is implied when using dog 
limbs. One weakness of this method of in­
vestigation is that drug leakage does not 
necessarily parallel leak of indicator sub­
stances.11
Ideal perfusate temperatures for drug 
activity as well as for minimal amount 
of leakage into the systemic circulation 
when using nitrogen mustard as the cyto­
toxic agent would be those in the low 
range. When using more stable chemother­
apeutic agents, hyperthermia in the per­
fused area is desirable in order to increase 
the binding and local effect.12 However, 
the undesirable and significant leak into 
the systemic circulation which would occur, 
as shown in our experiments, could be min­
imized by the use of general body hypo­
thermia. Indeed, in our latest clinical trials 
the patient is placed under hypothermia 
and the selected region perfused at tem­
peratures in the range of 41° C. We, as 
well as others,13 have found that leakage 
into the systemic circulation under these 
conditions, as measured with RISA, is sig­
nificantly decreased when compared to 
leakage observed in our original perfusions 
when hypothermia was not employed. Fur­
thermore, should significant leakage occur, 
systemic hypothermia effectively protects 
the bone marrow from toxic depression.14
Summary
A dog-pelvis preparation was arranged 
for perfusion with Evans blue dye and
RISA indicators for measuring leakage. 
The effect of perfusate temperature on the 
percentage leakage of indicator was dem­
onstrated in 33 regional pelvic perfusions 
using extracorporeal circulation. Increase 
in the perfusate temperature was associ­
ated with a corresponding increase in leak­
age into the systemic circulation over and 
above that directly related to perfusion 
time. Constructive suggestions for signi­
ficantly decreasing leakage without ham­
pering the drug effect are discussed.
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R e su m e
De nos jours, les agents chimiotherapeutiques 
anticancereux sont de plus en plus largement 
utilises; le seul obstacle a leur utilisation gene­
ralise est leur toxicite intrinseque, specialement 
vis-a-vis de la moelle osseuse, du tractus gastro­
intestinal et du foie, et du systeme nerveux cen­
tral. II a recemment ete propose, en vue d’essayer 
de resoudre ce probleme, d’injecter dans la re­
gion interessee une haute dose de la drogue, cette 
region etant isolee de 1’organisme a l’aide des 
techniques de circulation extra-corporelle. Une iso­
lation parfaite devient alors necessaire dans un 
tel systeme, de facon a eviter au maximum les 
fuites de substance toxique dans la circulation 
generale. Le travail experimental rapporte ici vise 
a etudier l’influence qu’exerce la temperature de 
la drogue injectee sur 1’importance de telles fuites. 
On utilisa des chiens batards des deux sexes, d ’un
poids variant entre 14 et 30 kg. En vue de de- 
pister les fuites, on ajouta au liquide perfuse soit 
un colorant ( Evans blue), soit un indicateur 
radio-activement marque (albumine serique iodee 
a l’iode radio-actif). Le region qui fut choisie 
comme lieu d ’intervention fut le bassin; les deux 
arteres femorales profonde et superficielle droites 
furent isolees, l’artere superficielle servant a la 
canulation; la cavite peritoneal fut ouverte de 
fagon a decouvrir et a bloquer soit par ligature, 
soit par compression, l’aorte abdominale, la veine 
cave inferieure, l’artere mesenterique inferieure, 
ainsi que les arteres lombaires, fessieres et iliaque 
gauche. Tout ce systeme fut alors branche sur un 
appareil de circulation extra-corporelle fonction- 
nant a un debit de 500 a 700 ml. par minute. II 
ressort de ces experiences que la quantite de sub­
stance indicatrice que l’on retrouve dans la circu­
lation generale augmente avec la duree de la per­
fusion et avec la temperature de la solution in­
jectee, les fuites etant d’autant plus rapides que 
la temperature est plus elevee. Ceci est vrais- 
semblablement du au fait que les temperatures 
hautes favorisent la vasodilatation.
SURGICAL PRACTICE OF THE LAHEY CLIN­
IC. 3rd ed. By Members of the Staff of the 
Lahey Clinic, Boston. 872 pp. lllust. W. B. 
Saunders Company, Philadelphia; McAinsh & 
Co. Ltd., Toronto and Vancouver, 1962. $18.40.
This book, a useful reference for the practising 
surgeon, would be particularly helpful to the 
resident in training. It is dogmatic in present­
ing a method of handling a clinical or opera­
tive problem. The method may not be the best 
available in the experience of the older read­
er but it will be  a good method and one well 
evaluated in the extensive practice of the 
clinic. The scope is broad, encompassing ar­
ticles on neurological, head and neck, breast, 
thoracic, abdominal, gynecological, genito­
urinary and orthopedic surgery. In some fields 
the coverage is superficial; for example, car­
cinoma is the only breast condition considered. 
On other subjects the articles are detailed and 
of unsurpassed authority, especially when 
dealing with “ Lahey favourites” —  thyroid­
ectomy, esophageal diverticula or strictures 
of the common bile duct. Excellent line draw­
ings of technical procedures are a feature.
OPERATING THEATRE TECHNIQUE. Ray­
mond J. Brigden, S.R.N. 580 pp. lllust. E. & S. 
Livingstone Ltd., Edinburgh and London; The 
Macmillan Company of Canada Limited, Tor­
onto, 1962. $13.50.
This textbook is written primarily for nurses, 
technicians and medical students working in 
the operating room to assist them in their 
practical work. The author is the departmental
charge nurse of the orthopedic and accident 
department at the Coventry and Warwick­
shire Hospital in Coventry, England.
The first half of the book describes the 
theatres of today as to physical construction 
and design, basic equipment and the various 
techniques employed in operating-room pro­
cedures. Lighting as well as other basic 
equipment receive considerable technical at­
tention and would assist those who are plan­
ning new operating rooms.
Sterilization of supplies includes the dis­
cussion of the newest packaging materials as 
well as of drums which are no longer favoured 
in this country. Ethylene-oxide gas-sterilization 
is omitted altogether, but the relatively new 
high-vacuum steam autoclave is described.
The second half of the text defines common 
operations in all branches of surgeiy and 
accompanies each definition with a clear syn­
opsis of the surgical procedure as carried out 
by the surgeon. Mr. Brigden’s experience in 
his present position has resulted in an excel­
lent presentation of orthopedic equipment and 
surgery.
Medical students and surgical assistants 
would benefit from the general information 
given in the first part of the book. Graduate 
nurses, as well as technicians, would find the 
outline of various operations in the second 
half very helpful in their work. The book is of 
limited value for the student nurse but, for 
the rest of the personnel, it would make a 
valuable addition as a reference text in an 
operating-room library.
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The Royal College o f Physicians 
and  Surgeons of Canada
N E W S L E T T E R
1963 REGIONAL M EETING
The 1963 Regional Meeting of the College 
will be held at Queen’s University, Kingston, 
from October 3-5, 1963.
The Program Committee for this meeting, 
under the chairmanship of Dr. H. Garfield 
Kelly, is already well advanced in its plans 
to assure a first-class scientific program which 
will embrace all major specialty fields includ­
ing medicine, surgery, obstetrics and gynecol­
ogy, pediatrics and psychiatry. The meeting 
will feature the following lectures bv a num­
ber of distinguished guest speakers:
Carcinoidosis— Professor Arthur Peart, Di­
rector, Medical Unit, St. Mary’s Hospital, 
London, England. (Royal College Regional 
Lecturer in Medicine).
Current Concept o f Shock— Dr. F. A. 
Simeone, Professor of Surgery, Cleveland 
Metropolitan General Hospital, Cleveland, 
Ohio, U.S.A. (Royal College Regional Lec­
turer in Surgery).
Common Diseases o f the Rectum and Anal 
Canal— Mr. C. Naunton Morgan, F.R.C.S., St. 
Bartholomew’s Hospital, London, England. 
(1963 Sims Commonwealth Travelling Pro­
fessor ).
Hypertension in Pregnancy— Professor 
Lance Townsend, Professor of Obstetrics and 
Gynecology, University of Melbourne, Aus­
tralia. (1963 McLaughlin-Gallie Visiting Pro­
fessor) .
Puzzling Facets o f Coronary Disease— Dr. 
Paul P. David, Director, Montreal Cardiologi­
cal Institute. (The Honourable Ray Lawson 
Lecturer).
Other outstanding participants in the scien­
tific programs will include: Dr. George W. 
Anderson, Associate Professor of Obstetrics 
and Gynecology, Tufts University School of 
Medicine, Boston, U.S.A.; Dr. T. A. Brown, 
Director, Medical Research, Merck Sharpe and 
Dohme, Canada; Dr. G. D. W. Cameron, 
Deputy Minister of National Health, Ottawa; 
Dr. George Engle, Professor of Psychiatry, 
University of Rochester, New York, U.S.A.; 
Dr. L. Stanley James, Associate Professor of 
Pediatrics, College of Physicians and Surgeons, 
Columbia University, New York, U.S.A.; Dr. 
Leonard Rosenthal] and Dr. Fleming McCon­
nell, Department of Radiology, Montreal Gen­
era] Hospital, Montreal.
A number of social functions have been 
planned to add to the enjoyment of the meet­
ing, and an intercollegiate football game be­
tween Queen’s University and the University 
of Toronto is scheduled for Saturday after­
noon, October 5. An interesting program for 
the wives of those attending is also being 
arranged.
While this meeting is particularly designed 
to provide an educational opportunity for 
specialists in eastern Ontario and western 
Quebec, Fellows and Certificants of the Col­
lege throughout Canada, and particularly in 
other areas of the Provinces of Ontario and 
Quebec, will be most welcome to attend.
Enquiries for hotel accommodation for the 
meeting should be made to Dr. Gordon Mylks, 
122 Wellington Street, Kingston, Ont.
ROYAL COLLEGE TRAVEL 
FELLOW SHIPS AW ARDED
The Council of the College is pleased to 
announce the award of Royal College Travel 
Fellowships in 1963 to the following appli­
cants: Dr. Isadore Holubitsky, F .R .C .S.fC ], 
Vancouver; Dr. Yvon Perigny, F.R.C.S.1C], 
Three Rivers, Que., and Dr. Richard Wilson, 
F.R.C.S.JC], Toronto.
Dr. Holubitsky is a full-time teaching Fel­
low in the Department of Surgery at the 
University of British Columbia. He will use his 
Fellowship to visit a number of centres in the 
United States to study investigative tech­
niques and methods of treatment of gastro­
intestinal diseases and to gather information 
on clinical investigation and research work 
being done into the cause and treatment of 
peptic ulcers. Dr. Perigny will undertake fur­
ther training in peripheral vascular surgery at 
the Mayo Clinic in Rochester. Dr. Wilson is 
a research Fellow in the Department of Ob­
stetrics and Gynecology at the University of 
Toronto and will use his Fellowship to visit 
a number of centres in the United Kingdom 
and Europe to study the biochemistry of ster­
oid hormones and its relationship to the field 
of obstetrics and gynecology.
The Royal College Travel Fellowships, in 
the amount of $1000 each, are supported out
(Continued on page 399)
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All communications concerning this Journal 
should be marked “Canadian Journal of 
Surgery” and addressed to the Editor. C.M.A. 
Publications, at C.M.A. House, 150 St. George 
St., Toronto 5.
The Journal is published quarterly. Subscrip­
tion is $10 per year ($5 per year for trainees 
in surgery), and starts with the January issue 
of each year. Single copies are $2.50 each, pay­
able in advance. (It would be greatly appre­
ciated if subscribers would please add bank 
exchange to their cheques.)
INSTRUCTIONS TO CONTRIBUTORS
Manuscripts
Manuscripts in duplicate of original articles, 
case reports, and other contributions should 
be forwarded with a covering letter re­
questing consideration for publication in the 
Canadian Journal o f Surgery. Acceptance 
is subject to the understanding that they 
are submitted solely to this Journal, and 
will not be reprinted without the consent 
of the author and the publishers. Accept­
ance or rejection of contributions will be 
determined by the Editorial Board. As 
space is available, a limited number of 
case reports will be published. Articles 
should be typed on one side only of un­
ruled paper, double-spaced, and with wide 
margins. The author should always retain a 
carbon copy of material submitted. Every 
article should contain a summary of the 
contents. The Concise Oxford Dictionary 
will be followed for spelling. Dorland’s Am­
erican Medical Dictionary will be followed 
for scientific terminology. The Editorial 
Board reserves the right to make the usual 
editorial changes in manuscripts, includ­
ing such changes as are necessary to en­
sure correctness of grammar and spelling, 
clarification of obscurities or conformity 
with the style of the Canadian Journal of 
Surgery. In no case will major changes be 
made without prior consultation with the 
author. Authors will receive galley proofs 
of articles before publication, and are asked 
to confine alterations of such proofs to a 
minimum.
Reprints
Reprints may be ordered on a form which 
will be supplied with galley proofs. It is 
important to order these before publication 
of the article, otherwise an extra charge 
for additional type-setting will be made.
References
References should be referred to by numer­
als in the text. They should include in 
order: the author’s name and initials in capi­
tals; title of the article; abbreviated journal 
name; volume number, page number and 
year. The abbreviations of journal names 
should be those used by the National 
Library of Medicine, Washington, D.C., as 
published in Index Medicus. References to 
books should include in order: author’s 
name and initials; title of book; number of 
edition (e.g., 2nd ed .); title of publishing 
house; city of publication; year of publica­
tion; page number if a specific reference.
Illustrations
A reasonable number of black-and-white 
illustrations will be reproduced free with 
the articles. Colour work can be published 
only at the author’s expense. Photographs 
should be glossy prints, unmounted and 
untrimmed, preferably not larger than 10" 
x 8". Prints of radiographs are required 
and not the originals. The magnification of 
photomicrographs must always be given. 
Photographs must not be written on or 
typed on. An identifying legend may be 
attached to the back. Patients must not be 
recognizable in illustrations, unless the 
written consent of the subject for publica­
tion has been obtained. Graphs and dia­
grams should be drawn in India ink on 
suitable white paper. Lettering should be 
sufficiently large that after reduction to 
fit the size of the Journal page it can still 
be read. Legends to all illustrations should 
be typed separately from the text and sub­
mitted on a separate sheet of paper. Illustra­
tions should not be rolled or folded.
Language
It should be clearly understood that con­
tributors are at full liberty to submit 
articles in either English or French, as they 
please. Acceptance will be quite independ­
ent of the language of submission. If the 
contributor wishes, he may submit an in­
formative summary of not more than 300 
words in the language other than that in 
which he has submitted the article. For 
example, an article in English must carry 
an English summary and may, if the author 
wishes, carry a more detailed summary in 
French.
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of income from the Educational Endowment 
Fund. The Committee on Administration of 
the fund, which acts as the selection commit­
tee for the award, was impressed by the num­
ber and quality of the applications received 
and expressed regret that the funds presently 
available made it necessary to restrict to three 
the number of awards which could be sup­
ported this year.
1963 McLAUGHLIN-GALLlE VISITING 
PROFESSOR
The 1963 McLaugblin-Gallie Visiting Pro­
fessor, supported by an annual grant from the 
R. Samuel McLaughlin Foundation to the Ed­
ucational Endowment Fund of the College, 
will be Professor Lance Townsend, Professor 
and Head of the Department of Obstetrics 
and Gynecology at the University of Mel­
bourne, Australia. Dr. Townsend will spend 
two weeks from September 16 to 28 with the 
Department of Obstetrics and Gynecology at 
the University of Toronto, after which he will 
spend a week at Queen's University, Kingston, 
where he will participate in the scientific ses­
sions of the Royal College Regional Meeting. 
From October 14 to 25, Professor Townsend 
will be Visiting Professor in the Department 
of Obstetrics and Gynecology at Dalhousie 
University, and will conclude his visit to Can­
ada with stays of two or three days each in 
Ottawa, Montreal, Winnipeg, Saskatoon and 
Vancouver.
1963 SIMS COMMONWEALTH 
TRAV ELLIN G PROFESSOR
Mr. C. Naunton Morgan, Surgeon to St. 
Bartholomew’s Hospital, London, England, is 
the 1963 Sims Commonwealth Travelling Pro­
fessor to Canada. Mr. Morgan’s itinerary is as 
follows: Laval University, Q uebec— Septem­
ber 9 to September 14; McGill University, 
Montreal—-September 16 to September 20; 
Ottawa University— September 21; University 
of W estern Ontario, London— September 23 to 
September 28; Q u een s University, Kingston 
(will participate in Royal College Regional 
Meeting)— September 30 to October 5; Uni­
versity o f M anitoba, W innipeg— October 7 
and 8; University o f  Saskatchewan, Saskatoon  
—-October 9 to October 12; University o f Al­
berta, Edm onton— October 14 to October 16; 
University o f British Columbia, Vancouver—  
October 21 to October 25, and Victoria— Oc­
tober 27 to October 29.
1964 ANNUAL M EETIN G
The 1964 Annual Meeting of the College 
will be held in Quebec City from January 
16 to 18, 1964. Those who desire to offer 
papers for the consideration of the Program 
Committee for inclusion in the scientific pro­
gram of the Annual Meeting are reminded 
that abstracts should be in the hands of the 
program chairmen by September 30, 1963. 
Abstracts for presentation in sessions of the 
Division of Surgery should be forwarded to 
Dr. Norman C. Delarue, 530 Medical Arts 
Building, Toronto 5, Out. Abstracts for the 
program in the Section of Obstetrics and Gy­
necology should be sent to Dr. Douglas Can- 
nell, Department of Obstetrics and Gynecol­
ogy, Room 311, Banting Institute, University 
of Toronto, Toronto 5, Out.
PRESID EN T OF THE ROYAL C O LLEG E 
OF SURGEONS OF ENGLAND TO BE 
MADE HONORARY FELLO W  O F TH E 
COLLEGE
Sir Arthur Porritt, President of the Royal 
College of Surgeons of England, has accepted 
the invitation of the Council of the Royal 
College to become an Honorary Fellow of the 
College. The Honorary Fellowship will be 
conferred on him at the 1964 Annual Convo­
cation ceremony in Quebec City.
FA C ILITIES FOR POSTGRADUATE 
SURGICAL TRAINING IN TH E ROYAL 
CO LLEGE OF SURGEONS OF 
ENGLAND
The Secretary of the Royal College of 
Surgeons of England has indicated the desire 
of the Council of that College to make better 
known abroad the facilities which it is able 
to offer to postgraduate students wishing to 
undertake advanced training in surgery and 
the surgical specialties in England, These in­
clude the Hunterian and Wellcome Patho­
logical Museums, a very comprehensive 
library covering the literature of surgery with 
its basic sciences and special branches; the 
research facilities of the College in its depart­
mental laboratories and at the Buckston 
Browne Research Farm, both for those desir­
ing to learn research techniques or to carry 
out research programs; and the residential 
facilities of the Nuffield College of Surgical 
Sciences, providing bedroom, lounge and 
recreational facilities for postgraduate stu­
dents. The College offers formal courses of 
instruction in clinical surgery and in the basic 
medical sciences. It also offers advice and
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assistance, as far as possible, in finding suit­
able hospital appointments for clinical instruc­
tion and training.
More complete details regarding these fa­
cilities and courses may be obtained by writ­
ing to the office of the Royal College of 
Surgeons of England, Lincoln’s Inn Fields, 
London, W.C.2.
W. G ordon B e a t t ie , F.R.C.S.fC] 
Honorary Assistant Secretary',
June 10, 1963.
NOTICES
CHANGES ON THE EDITORIAL BOARD
The Editorial Board of the Canadian Jour­
nal o f Surgery announces with regret the 
retirement from the Board of Dr. H. Rocke 
Robertson and Dr. D. L. C. Bingham, who 
were charter members and served faithfully 
since the Journal’s inception. A great measure 
of the success achieved has been due to the 
wise counsel and devoted service of these 
and the other charter members.
In the anticipation of a long and mutually 
profitable association, the Board also welcomes 
Dr. Fraser N. Gurd, Chairman of the Depart­
ment of Surgery at McGill University, and 
Dr. James R. McCorriston, Professor and Head 
of the Department of Surgery at Queen’s 
University, to membership in its ranks.
SOUTH AFRICAN JOURNAL OF 
SURGERY
SUID-AFRIKAANSE TYDSKRIF M R  
CHIRURGIE
The sending of a surgical journal into the 
narrow and congested channels of specialist 
publications is a momentous event, even when 
largely unnoticed by surgeons at large. The 
South African Journal of Surgery, the young­
est of surgical journals, is the first-born of the 
Association of Surgeons of South Africa. The 
special announcements in the first number 
are bilingual, although no resume in Afrikaans 
is provided for any of the five original 
articles.
The Canadian Journal of Surgery, although 
six years old and thriving, faces a long struggle 
for a higher place in the “reading loyalties” of 
Canadian surgeons. With this in mind, it is 
with feeling that the members of the Editorial 
Board of the Canadian Journal o f Surgery 
wish their colleagues in South Africa God­
speed and a following wind.
B o o k s  R e c e i v e d
Books are acknowledged as received, but 
in some cases reviews will also be made 
in later issues.
About the Mechanism of Myocardial Necrosis 
Induced by Sodium Phosphate and Adrenal Cor- 
ticoid Overdosage. David Lehr and Marilyn Kru- 
kowski. Annals of the New York Academy of 
Sciences. Vol. 105, Art. 3, pp. 135-182. New 
York Academy of Sciences, New York, April 22, 
1963.
Acute Head Injury. 2nd ed. Joseph P. Evans. 
159 pp. Illust. Charles C Thomas, Springfield, 
111.; The Ryerson Press, Toronto, 1963. $7.25.
Antibody to Enzymes—a Three-Component 
System. Consulting Editor; B. Cinader. Annals 
of the New York Academy of Sciences. Vol. 103, 
Art. 2, pp. 493-1154. New York Academy of 
Sciences, New York, May 8, 1963. $8.00.
Behavior of Aerosols. Consulting Editor: J. 
Mason Pilcher. Annals of the New York Academy 
of Sciences. Vol. 105, Art. 2, pages 25-134. New 
York Academy of Sciences, New York, March 
20, 1963.
Blood Volume. Solomon N. Albert. 175 pp. 
Illust. Charles C Thomas, Springfield, ill.; The 
Ryerson Press, Toronto, 1963. $9.25.
The Body Cell Mass and its Supporting En­
vironment. Body Composition in Health and Dis­
ease. Francis D. Moore, Knud H. Olesen, James 
D. McMurrey, H. Victor Parker, Margaret R. 
Ball and Caryl Magnus Boyden. 535 pp. Illust. 
W. B. Saunders Company, Philadelphia; McAinsh 
& Co. Ltd., Toronto and Vancouver, 1963. $24.85.
Bone Remodelling Dynamics. H. M. Frost. The 
Henry Ford Hospital Surgical Monographs. Edited 
by Conrad R. Lam. 175 pp. Illust. Charles C 
Thomas, Springfield, 111.; The Ryerson Press, 
Toronto, 1963. $9.25.
Cancer of the Uterus; From Gross Appearances 
to Ultrastructure. 2nd ed. Carlo Sirtori and Ettorc 
Morano. With forewords by M. Edward Davis 
and Charles Huggins. 383 pp. Illust. Charles C 
Thomas, Springfield, 111.; The Ryerson Press, Tor­
onto, 1963. $27.00.
Conference on Clean Surfaces with Supplement: 
Surface Phenomena in Semiconductors (Symposi­
um). Conference Chairman: F. R. Eirich. Annals 
of the New York Academy of Sciences. Vol. 101, 
Art. 3, pages 583-1014. Illust. New York Acad­
emy of Sciences, New York, January 23, 1963.
Current Status of Tuberculosis. Consulting Edi­
tor: E. Grunberg. Annals of the New York Acad­
emy of Sciences. Vol. 106, Art. 1, pages 1-156. 
Illust. New York Academy of Sciences, New 
York, February 28, 1963.
Endogenous Metabolism with Special Reference 
to Bacteria. Supported in part by a research 
grant from the Army Research Office, Depart­
ment of the Army, Washington, D.C. Consulting 
Editor: Carl Lamanna. Annals of the New York
(Continued on inige 406)
July 1963 BOOK REVIEWS 401
B O O K  R E V I E W S
(See also pages 275, 321, 337, 347, 366 and 396)
ACCIDENT SURGERY. Vol. I. Edited by H.
Fred Moseley. 242 pp. Illust. Appleton-
Century-Crofts, New York, 1962. $10.00.
This book contains 20 selected lectures which 
were given at the postgraduate course in Acci­
dent and Emergency Trauma held in May 
1961 at the Royal Victoria Hospital and 
McGill University, Montreal. The lecturers 
included such distinguished names in the field 
of trauma as Mr. William Gissane, Director 
of the Birmingham (England) Accident Hos­
pital, and Dr. Robert Kennedy, Director of the 
Field Program of the Committee of Trauma 
of the American College of Surgeons.
This is an excellent book with very good 
illustrations and is well presented. It is most 
timely in presenting the correct approach to 
the handling of a patient suffering from mul­
tiple trauma.
Mr. Gissane and Dr. Kennedy stress the im­
portance of the organizational side of the treat­
ment of the injured patient. They discuss the 
elementary first aid of a simple and sensible 
nature that is required at the site of an acci­
dent. They both condemn, very rightly, the 
use of tourniquets. They stress the necessity 
for having a comprehensive accident service 
in any general hospital, and particularly in a 
teaching hospital where the service should 
be organized on a demonstration basis to pro­
vide the best possible care to the accident vic­
tim from all services. They advocate having 
such a service under the direction of a general 
surgeon, and that accident patients should all 
come in under the direction of the general 
surgeon initially, who should then co-opt the 
services of the various subspecialties. They 
both point out the importance of having the 
captain of a team “calling the tune”, rather 
than the particular subspecialty service to 
which the patient happens to be sent.
Dr. Alan Noble gives a short and very good 
dissertation on the anesthetist’s part in the 
care of the recently injured, and the chapter 
by Dr. Hopkirk on “Blood Volume in Injury” 
is excellent. It should be read by all surgeons 
handling trauma.
The chapter on “The Maintenance of Blood 
Pressure in Surgery” by Dr. Bromage is an­
other excellent fundamental approach to the 
problem of shock in trauma. In this chapter 
he gives a rational explanation for the use of 
calcium after multiple transfusions to restore 
the calcium-potassium ratio, rather than to 
deal with any bleeding factors involved.
There are two lectures on the management 
of head injuries, one by Dr. Bertrand deals 
with general problems and the assessment of 
the head injury; the second by Dr. Branch 
deals with the technical aspects of the prob­
lem and the definitive diagnosis. He stresses 
the value of cerebral arteriograms. Both lec­
tures stress the importance of an accurate 
history of the nature of the accident and the 
changing state of consciousness.
In the chapter by Dr. Butas on the “Preven­
tion and Treatment of Wound Infection”, the 
reviewer would have a slight disagreement 
with some of the recommended dosages of 
antibiotics. For instance, penicillin is given in 
doses which in severe multiple trauma the 
reviewer would consider inadequate. Present 
practice would suggest that 6,000,000 units 
of penicillin is the minimum which should be 
given in a day. Again, the question of tetanus 
prophylaxis and treatment is dealt with, but 
the virtue of tetanus antitoxin in a patient 
who is sensitive to the serum is questionable. 
There is no disagreement with the virtue of 
active immunization, or the use of tetanus 
antitoxin in a non-sensitized patient. On the 
other hand, the dangers of serum reactions as 
distinct from anaphylaxis are not insignifi­
cant.
The chapter on facial injuries by Hamilton 
Baxter is a good one, particularly with refer­
ence to the certain general topics as care of 
the airway, hemorrhage and shock, and evul­
sion of the eyelid. The chapter on “Nonpene­
trating Injuries of the Abdomen” is some­
what discursive and indefinite. The chapter on 
“Injuries of the Kidney”, on the other hand, 
is more clear-cut and concise, as is the
good chapter on “Arterial Trauma” by Dr. J. 
C. Luke. The chapter on “Selected Traumatic 
Disorders of the Upper Extremity” seems 
somewhat out of place in this book, which 
is dealing with severe trauma and multiple 
trauma endangering life. On the other hand, 
the subject is well covered. The chapter 
on “Crushing and Avulsing Injuries of the
Hand” is good. It gives clear direction on
this type of injury which is so often poorly
handled. The chapter on “The Care of Ex­
tensive Thermal Burns” is so short as not 
to be of very great value. On the other hand, 
the chapter on “Rehabilitation of the Accident 
Victim” is good, showing what is possible in 
a concerted rehabilitation and occupational 
therapy program.
This book should be read by all those re­
sponsible for organizing accident services.
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PEDIATRIC SURGERY. 2nd ed. Orvar Swenson.
780 pp. Illust. Appfeton-Century-Crofts, New
York, 1962. $20.00.
The name of Orvar Svenson is, of course, 
associated in the surgeon’s mind with Hirsch­
sprung’s disease. If  this pediatric surgery text 
were merely a convenient collection of Dr. 
Svenson’s teachings on this disease, it would 
be a worth-while addition to the library of 
the general and pediatric surgeon. Some 60 
pages are devoted to this condition.
Dr. Svenson describes many simple abnorm­
alities and their treatment in detail. All too 
often surgical texts concern themselves only 
with the rare and the complex and not at all 
with problems simple to the author but not 
to Others in training or outside his specialty.
Pediatric surgery is the surgery of child­
hood and often crosses regional specialty lim­
its, The chapter on urinary diagnostic and op­
erative techniques and on genitourinary abnor­
malities indicates the breadth of pediatric 
surgery and the need to recognize that the 
child is not merely a small adult but a different 
kind of being.
While analyses of large series of cases are 
not usually included in each chapter, this book 
fills a place in the literature of real value. It 
is particularly useful to the surgeon in train­
ing and to the general surgeon who wishes to 
draw not merely upon the results of Dr. Sven­
son’s research, but also upon his wide experi­
ence in general pediatric surgery.
HUMAN IN TERSEX. David J. B. Ashley. Fore­
word by R. Winston Evans. 357 pp. E . & S. 
Livingstone Ltd., Edinburgh and London; The 
Macmillan Company of Canada Limited, Tor­
onto, 1962. $7.20.
This monograph has been written by a path­
ologist who is aware of the pitfalls inherent 
in the clinician’s approach to the problem of 
abnormal sex development. It provides an 
up-to-date and informative summary of past 
and present literature, and is to be highly 
recommended to all interested in this field. 
References are fully listed in alphabetical 
order of authorship for those who wish to read 
original work in more detail, and the index is 
well organized.
The author’s use of the term ‘ambisexual- 
ity’ in place of ‘true hermaphroditism” is logi­
cal from a functional aspect, though open to 
lay misinterpretation. He rightly stresses the 
importance of description of the nuclear sex 
pattern as chromatin-positive or chromatin­
negative, but uses unwisely in his text the 
terms male and female nuclear sex. Turner’s 
syndrome should probably only refer to chro­
matin-negative gonadal agenesis with multiple 
congenital anomalies, as described by Turner 
in fiis original paper. Progesterone itself has 
not been implicated in the causation of non­
adrenal female pseudohermaphroditism. Intra-
tubular hyaline inclusions have been observed 
by many histologists in normal testicular 
tubules, and, as the author states, these do not 
appear to be “oocytes’ as suggested by Bunge 
and Bradbury in their work on Klinefelter’s 
syndrome. The last chapter on the manage­
ment of cases of anomalous sex development 
reiterates the classic work of Money and the 
Hampsons on choice of sex and gender role.
The text is easily read, and produced by the 
publishers in their usual competent manner. 
The absence of illustrations does not detract 
from the value of this book, which is based 
on a long interest in the subject and contains 
a wealth of information.
AN ATLAS OF PROSTATIC SURGERY. Perry 
B. Hudson and Arthur Purdy Stout. 170 pp. 
Illust. W. B. Saunders Company, Philadelphia; 
McAinsh & Co. Ltd., Toronto and Vancouver, 
1962. $14.60.
This book represents the work of an experi­
enced urologist and a renowned pathologist, 
who have described the pathology of the pros­
tate gland and its management by open surgi­
cal methods. The urological aspects are well 
presented as a result of the infinite detail 
used to describe the various surgical tech­
niques. The pathology is presented by micro- 
photographic illustrations demonstrating the 
common lesions of the prostate gland.
The initial chapter deals with the program 
used to evaluate a patient before prostatic 
surgery. The surgical pathology presented in 
the second chapter deals with the indications 
for prostatic biopsy, the classification of adeno­
carcinoma of the prostate and the preparation 
of the prostatic tissue for examination.
The perineal method of prostatic surgery 
described in Chapter 3 deals first with per­
ineal prostatic biopsy in beautifully detailed 
illustrations, with descriptions of the tech­
nique. The perineal form of prostatic enucle­
ation is then described, as are the detailed 
techniques used to perform the subtotal and 
radical perineal prostatectomy. The discussion 
of the complications which can follow perineal 
prostatic surgery constitutes a worth-while 
addition to this well-illustrated book.
Chapter 4 deals with the retropubic tech­
nique of enucleation and radical prostatec­
tomy. The suprapubic reconstruction for 
bladder-neck contracture, dealt with in Chap­
ter 5, provides all the illustrative detail needed 
to clearly describe these operative techniques. 
The final chapter on rectal injuries provides 
helpful aids in their management.
The atlas would be most valuable in the 
urology resident’s library to provide an easy 
reference for the detailed operative techniques 
of open prostatic surgery. The practising ur­
ologist may also find sufficient modification of 
surgical techniques to make this text a useful 
addition to his library.
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SURGERY IN WORLD WAR II. THORACIC
SURGERY. Vol. I. Medical Department, United
States Army. Editor in Chief: Col. J. B. Coates,
Jr. Editor for Thoracic Surgery: Frank B. Berry.
394 pp. Illust. Office of the Surgeon General,
Department of the Army, Washington, D.C.,
1963. $4.25.
This is the first of two volumes on thoracic 
surgery; the second is still to be produced. It 
has been prepared and published under the 
direction of Lieutenant-General Leonard D. 
Heaton, Surgeon-General of the United States 
Army, and edited by Dr. Frank B. Berry, 
Deputy Assistant Secretary of Defence (Man­
power Health and M edical). Dr. Berry has 
written an introductory chapter on the his­
tory and development of thoracic surgery, 
which all surgeons will enjoy, and a chapter 
on general consideration of thoracic wounds. 
Six other distinguished American surgeons 
have contributed to the volume, Drs. Brian 
Blades, Lyman A. Brewer, Thomas H. Bur- 
ford, Noland Carter, Michael DeBakey and 
Dwight E. Harken. A chapter on anesthesia 
has been prepared by Dr. Ernest A. Doud. 
All aspects of the management of wounds of 
the chest are covered, including wounds of 
the heart. Generous tribute has been paid to 
the assistance received from British colleagues, 
particularly Mr. A. Tudor Edwards, in the 
early phase following the entry of the United 
States into the war and to the help given by 
the French in the earlier phases of the war in 
the Mediterranean theatre. Dr. Edward D. 
Churchill played a most important part in the 
development of facilities and organization for 
the care of thoracic cases in the Mediterran­
ean theatre. It was in that area that the prin­
ciples of management of chest casualties, 
which were applied later in the European 
theatre, were developed.
The setting-up of special centres for the 
care of thoracic cases was one of the import­
ant developments in World War II surgery. 
The number of skilled thoracic surgeons avail­
able was limited and this centralization per­
mitted efficient utilization of their knowledge. 
In spite of the tremendous development of 
thoracic surgery in the interval between the 
two world wars, there seems to have been little 
awareness on the part of surgeons and medical 
officers in general of the principles involved 
in the care of wounds of the chest. Thanks to 
the foresight of Colonel (later Brig.-General) 
James H. Forsee, the details of 2267 thoracic 
and thoracoabdominal wounds were available 
for study.
This volume is a mine of information; it 
should be available to all those who may have 
the responsibility for the care of chest wounds 
and be on the shelves of all medical libraries. 
Priced at $4.25 it is a bargain, and may be 
obtained from Superintendent of Documents, 
Government Printing Office, Washington 25, 
D.C., U.S.A.
VASCULAR SURGERY. John B. Kinmonth, 
Charles G. Rob and Fiorindo A. Simeone. 501 
pp. Illust. Edward Arnold (Publishers) Ltd., 
London; The Macmillan Company of Canada 
Limited, Toronto, 1962. $18.00.
This book by three well-known vascular sur­
geons from both sides of the Atlantic is a 
small masterpiece. Their intention was to pro­
duce a predominantly practical account of 
modern vascular surgery, which would also 
represent a synthesis of North American and 
British practice in this field. This, and much 
more, has been achieved. Diseases of the ar­
teries, veins and lymphatics are covered, and 
there are chapters on the surgery of the major 
vessels, cardiac resuscitation, and cryopathies 
and total and regional perfusion. A useful 
chapter on angiography is written by Dr. 
David Sutton.
It is not possible to discuss the various sec­
tions in detail, but one of the most impressive 
things about this book is that it is really up- 
to-date. It is difficult to decide to which author 
some of the chapters are to be attributed 
because a remarkably uniform approach and 
style has been achieved. The erudition and 
experience of the authors is presented in a 
most readable manner, and the excellent ref- 
rences at the end of each chapter greatly en­
hance the value of the book.
This volume should be read widely by 
vascular surgeons and by all surgeons in train­
ing.
PRINCIPLES OF GYNAECOLOGY. 2nd ed. T.
N. A. Jeffcoate. 852 pp. Illust. Butterworth &
Co. (Canada) Ltd., Toronto, 1962. $23.75.
The second edition of this already widely ac­
cepted book shows evidence of considerable 
revision and many valuable additions. Although 
the number of chapters (46) remains the 
same, the total length of the text has been 
increased by some 144 pages. Rearrangement 
has allowed for a new and useful chapter on 
chronic epithelial dystrophies.
This edition is written in the same direct 
clear style which characterizes the author’s 
other contributions to medical literature and 
it makes extremely pleasant reading. The en­
tire field of gynecology is most adequately 
covered, with the special emphasis being 
placed on those phases of the discipline which 
are considered more difficult to master. All are 
dealt with from a clinician’s standpoint with 
enough of the scientific background to clarify 
the present-day thinking. The author’s wide 
clinical experience and teaching abilities are 
reflected in the clearly classified material and 
the personal method of presentation.
The type, paper and many fine illustrations 
and photographs enhance this text, making it 
one of the finest books on the subject for the 
advanced student and clinician alike.
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INTRODUCTION BIOCHIM IQUE A LA CHI-
RURGIE. Marcel Florkin. 248 pp. Illust.
Masson & Cie, Paris, 1962. 38 N F. $7.60
(approx.).
Si depuis quelques annees il s’est verse beau- 
coup d’encre au sujet du comportement des 
metabolismes intermediaires et des variations 
hydro-eleetrolytiques dans l’organisme humain, 
peu de pubbcations ont cependant applique 
ou restreint ces donnees scientifiques au ma- 
lade soumis a la chirurgie. L ’elucidation des 
repercussions biochimiques de la chirurgie sur 
rorganisme ne peut entrainer que d’heureux 
resultats: tout d’abord, pour le chirurgien, une 
meilleure comprehension de phenomenes 
chimiques dynamiques mis en branle par son 
art, et ensuite, pour le patient, une therapeu- 
tique plus rationnelle et par consequent plus 
effective. C’est dans cette optique que le pro- 
fesseur Florkin, un biochimiste, soumet aux 
chirurgiens les principes de sa discipline scien- 
tifique.
Son volume se destine a rendre accessible a 
tous une science difficile. C’est une introduc­
tion, une vue d’ensemble. L ’auteur insiste peu 
sur certains problemes supposes mieux connus 
(contenu et distribution des phases intra et 
extracellulaires) pour attirer fattention du 
lecteur sur des phenomenes plus dynamiques 
(car la chirurgie, c’est faction) comme le jeu 
du rein, du poumon et des mecanismes tam­
pons dans de maintien de l’equilibre acide- 
base, les echanges hydro-eleetrolytiques entre 
les compartiments, le role primordial des pro- 
teines plasmatiques dans la reconstruction, le 
mecanisme de l’hemostase.
Toutes ces notions ne sont cependent don­
nees qu’a titre de preliminaires a la section 
principale du volume: les anomalies biochi­
miques qui accompagnent facte chirurgical. 
Au chapitre qui a trait a la phase preopera- 
toire, l’auteur brosse le tableau biochimique 
presente par le malade en obstruction digestive 
haute ou basse, par le cancereux en autolyse, 
par le traumatise que l’agression plonge dans 
le catabolisme, par le brule, enfin, dont on 
voit le bilan azote passer par trois phases 
correspondant au cycle evolutif de la plaie. 
La therapeutique de remplacement preopera- 
toire fait l’objet d un chapitre particulierement 
au point ou sont envisagees les repercussions 
de la surcharge et de la depletion hydroelec- 
trolytique, le tout illustre par des exemples 
cliniques appropries.
L’auteur considere ensuite les consequences 
biochimiques de foperation chirurgicale elle- 
meme: il fonde ses enonces sur fexperience 
clinique insurpassable de Moore, de Le Quesne 
et de Lewis qui, sans avoir epuise le sujet, 
en ont toutefois jalonne chaque etape. On 
revoit done le cycle traumatique general, avec 
ses phases cataboliques et anaboliques com- 
mandees par des modifications endocriniennes 
ou l’hypophyse et la surrenale jouent un role 
preponderant.
Traitant de la phase postoperatoire, fauteur 
insiste sur la nature et fappreciation des 
pertes encourrues par l’opere et illustre en­
core ici les exigences therapeutiques par des 
cas cliniques types.
La lecture de ce volume repond a une ne­
cessity elle delimit e les interrelations chi- 
rurgie-biochimie; elle situe l’opere dans le con- 
texte ties vaste de la biochimie humaine. Elle 
evite d’une part de se perdre dans l’etude 
hautement specialisee de certains problemes 
peu adaptes a la chirurgie, et d’autre part, elle 
oriente les etudes subsequentes du chirurgien 
ou du resident vers certains secteurs bien pre­
cis relies plus etroitement a leur art.
Ajoutons enfin une critique, une seule: nous 
avons ete un peu decus fauteur ne dis­
cute pas du role important des vitamines chez 
l’opere; cette question aurait pu s’integrer 
dans un chapitre illustrant la place primordiale 
des vitamines dans le metabolisme interme- 
diaire de la cellule normale ou malade.
PRINCIPLES OF TH E TREATMENT OF TRAU­
MA. Basic Principles, Plastic and Orthopaedic 
Aspects of Trauma. Edited by W. H. Kirkaldy- 
Willis and A. Michael Wood. Forewords by 
W. Rainsford Mowlem and H. J. Seddon. 244 
pp. Illust. E . & S. Livingstone Ltd., Edinburgh 
and London; The Macmillan Company of Can­
ada Limited, Toronto, 1962. $7.55.
After years of practice in traumatic surgery 
in Africa, Drs. Kirkaldy-Willis and Wood have 
written this book for doctors working in rela­
tively remote areas of the world. The text is 
clearly written and well arranged, and largely 
concerns general principles. The book is in 
three parts, basic principles, burns and their 
sequelae, and specific injuries.
The first part concerns fluid balance, chemo­
therapy and pathology of tissue repair. There 
is an excellent summary of the physiology and 
pathology of tissue repair which could well be 
recommended for rapid revision by candidates 
for the fellowship examinations. The section 
on burns and their sequelae is detailed to en­
able a surgeon in an isolated hospital to treat 
even the most severe burns and their residual 
effects successfully. The “specific injuries” sec­
tion mainly concerns fractures, but includes 
information about tendon and ligamentous in­
juries. The treatments outlined are mainly 
conservative, with advice to transfer major 
fractures to surgical centres. Well-detailed in­
structions on application of various forms of 
traction for fractures of the lower limbs are 
described, which orthopedic residents and gen­
eral practitioners in Canada will find of value.
In general, the authors are concise, dog­
matic and avoid controversy. There are sev­
eral minor points with which the reviewer 
disagrees, but these do not detract from the 
merit of this volume. This is a well-produced 
book, as one has come to expect from the 
publishers
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P E N T O T H A L  Sod
(Thiopental Sodium, Abbott)
i u m
A B B O T T  L A B O R A T O R I E S  L I M I T E D
Montreal • Toronto • W innipeg • Vancouver 
‘ Trade Mark Registered
Pentothal is more than 25 years old, yet 
it continues to make news. Dozens of new 
clinical papers appear each year. To date, 
more than 3200 world reports on Pentothal 
have been published. It has become the 
world’s most widely used intravenous anes­
thetic, an agent of choice in over 75 coun­
tries.
W hat makes Pentothal such a lively 
subject of interest?
Some of the reasons are easy to see. 
The short, smooth induction period. The 
quick response, w ith m om ent-to-m om ent 
control. The predictability. The minimum 
of agent to  be detoxified—with rapid, un­
complicated recovery. The relative safety. 
The convenience of adm inistration.
Less easily seen are the exacting tech­
niques fo r Pentothal manufacture and 
quality control. These are a culm ination 
of A bbo tt’s quarter-century experience in 
making Pentothal safe fo r human use.
Have you the c lin ica l inform ation you 
require? W e 'll be glad to  send you our 
Physician's Guide to  C lin ica l Use of 
Pentothal. Just write to  Professional Serv­
ices, A bbo tt Laboratories Limited, P.O. 
Box 6150, Montreal.
These 3 20 0  reports 
tell a story unique 
among anesthetics
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Academy of Sciences. Vol. 102, Art. 3, pages 
515-793. Illust. New York Academy of Sciences, 
New York, January 21, 1963.
Fellowship Examination Papers for the Di­
plomas of the Royal College of Surgeons, Edin­
burgh, 1957-1962. 60 pp. E. & S. Livingstone 
Ltd., Edinburgh; The Macmillan Company of 
Canada Limited, Toronto, 1963. $1.00.
The Gastro-Oesophageal Junction. Clinical Ap­
plications to Oesophageal and Gastric Surgery. 
G. S. Muller Botha. With a foreword by F. A. 
R. Stammers and T. Holmes Sellors and an epi­
logue by Jannie H. Louw. 370 pp. Illust. J. & A. 
Churchill Ltd., London; British Book Service 
(Canada) Ltd., Toronto, 1962. $15.75.
Handbook of Pediatrics. 5th ed. Henry K. 
Silver, C. Henry Kempe and Henry B. Bruyn. 
604 pp. Illust. Lange Medical Publications, Los 
Altos, Calif., 1963. $4.00.
Hepatotoxicity of Therapeutic Agents. Consult­
ing Editor; Howard E. Ticktin. Annals of the 
New York Academy of Sciences, Vol. 104, Art. 
3, pp. 819-1092. New York Academy of Sciences, 
New York, April 5, 1963.
Hermodsson’s Roentgenological Studies of Trau­
matic and Recurrent Anterior and Inferior Dislo­
cations of the Shoulder Joint. Edited by H. F. 
Moseley and B. Overgaard. 167 pp. Illust. McGill 
University Press, Montreal, 1963. $8.00.
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Klinische Chirurgie fuer die Praxis. In vier 
Banden. Band IV. Lieferung 3 (Clinical Practice 
of Surgery. In 4 volumes, Vol. IV, Part 3). 
Edited by O. Diebold, H. Junghanns, L. Zuk- 
schwerdt. 234 pp. Illust. Georg Thieme Verlag, 
Stuttgart, W. Germany; Intercontinental Medical 
Book Corporation, New York, 1963. DM 36.— 
$9.80 (approx.).
Lumbar Discography. John S. Collis, Jr. With 
a foreword by Wallace B. Hamby. 173 pp. Illust. 
Charles C Thomas, Springfield, 111.; The Ryerson 
Press, Toronto, 1963. $14.00.
Medicine and the Navy. 1200-1900. Vol. IV 
(1815-1900). Christopher Lloyd and Jack L. S. 
Coulter. 300 pp. Illust. E. & S. Livingstone Ltd., 
Edinburgh & London; The Macmillan Company 
of Canada Limited, Toronto, 1963. $9.00.
Modern Trends in Obstetrics. Third Series. 
Edited by R. J. Kellar. 238 pp. Illust. Butter- 
worth & Co. (Canada) Limited, Toronto, 1963. 
$13.50.
Neuroradiology Workshop. Vol. II: Intracranial 
Tumors other than Menangiomas. Leo M. David- 
off, Harold G. Jacobson and Harry M. Zimmer­
man. 402 pp. Illust. Grune & Stratton, New York; 
The Ryerson Press, Toronto, 1963. $27.50.
Pancreatites chroniques et recidivants: Diagnos­
tic precoce—traitement chirurgicale. Pierre Mallet- 
Guy, Jacques Michoulier et Claude Bosser avec 
la collaboration de Jacques Feroldi. 282 pp. Illust. 
Masson & Cie, Paris, 1962. 85 NF. $17.00 (ap­
prox.).
Pathology of the Upper Respiratory Tract. R.
E. Rewell. 283 pp. Illust. E. & S. Livingstone 
Ltd. Edinburgh & London; The Macmillan Com­
pany of Canada Limited, Toronto, 1963. $7.20.
Perthes and Parents. The Care of Your Child 
with Legg-Calve-Perthes Disease. V. W. Rosar. 
94 pp. Illust. Charles C Thomas, Springfield, 
111.; The Ryerson Press, Toronto, 1963. $5.25.
Progress in Medical Genetics. Vol. II. Edited 
by Arthur G. Steinberg and Alexander G. Beam. 
378 pp. Illust. Grune & Stratton, Inc., New York; 
The Ryerson Press, Toronto, 1962. $14.00.
The Story of Wound Healing and Wound Re­
pair. Allen O. Whipple. 135 pp. Illust. Charles 
C Thomas, Springfield, 111.; The Ryerson Press, 
Toronto, 1963. $6.80.
Surgery. Richard Warren, in collaboration with 
members of the Department of Surgery of the 
Harvard Medical School. 1397 pp. Illust. W. B. 
Saunders Company, Philadelphia & London; Mc- 
Ainsh & Co. Limited, Toronto and Vancouver, 
1963. $21.10.
A Synopsis of Surgical Anatomy, 9th ed. A.
Lee McGregor. 906 pp. Illust. John Wright & 
Sons Ltd., Bristol; The Macmillan Company of 
Canada Limited, Toronto, 1963. $6.30.
Tumors of the Chest. Thomas J. Kinsella. 145 
pp. Illust. Charles C Thomas, Springfield, 111.; 
The Ryerson Press, Toronto, 1963. $11.30.
